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1
Introduction

1.1
Study context and objectives of this annex report

This annex report contains the full version of the Spanish pilot account developed within the UNITE project. It serves as background report for the results presented in the core body of Deliverable 8 – “Pilot Accounts – Results for Tranche B countries” and gives more detailed descriptions on the methodology used and the input data and their reliability and quality. However, the general and detailed discussion of the accounts approach was presented in Link et al. (2000) and will be summarised only in this document. This annex report discusses methodologies only in so far as they are necessary background information for understanding the results and describes rather the application of methodology to the Spanish case. Furthermore, in addition to the core accounts for 1998 this annex report also presents the results for 1996 and a forecast for 2005. This annex report was produced by EIET (overall responsibility). Results for environmental costs were produced by IER whilst DIW was responsible for provision of infrastructure costs.

In order to put this annex report into the context of the UNITE project, a summary of the aims and research areas of UNITE is given here. The UNITE project endeavours to provide accurate information about the costs, benefits and revenues of all transport modes, including the underlying economic, financial, environmental and social factors. To achieve this goal, three main areas of research are carried out, known as “transport accounts”, “marginal costs” and “integration of approaches”. This annex report belongs to the research area “transport accounts”. For a better understanding of the results presented here it has to be borne in mind that the UNITE project distinguishes between ideal accounts on the one hand and the pilot accounts on the other hand. The ideal accounts reflect the perfect situation with the utmost disaggregation, showing factors such as the time and location and duration of individual trips, all the relevant economic data as well as the individuals response to possible policy or infrastructure changes. The pilot accounts are the actual, feasible accounts given the available data for the 18 countries that UNITE covers. They can be used to assess the costs and revenues of transport per transport mode. The costs are reported and documented at the current level of transport demand for the reference years 1996, 1998 and for the forecast year 2005. Reported transport costs are allocated to user groups, where possible without arbitrary allocation methods.

1.2
The accounts approach of UNITE

1.2.1
Aims of the pilot accounts

The pilot accounts attempt to show the general relationship between costs of transport and the revenues from transport pricing and charging in the country studied. The aims and role of the pilot accounts are discussed in detail in Link et al. (2000). It should be stressed that the accounts are aimed at providing the methodological and the empirical basis for in-depth policy analysis and monitoring rather than serving as a guide for immediate policy actions such as setting higher/lower prices and charges or opening up/shutting-down transport services/links in order to achieve cost coverage. The pilot accounts are defined as follows:

The pilot accounts compare social costs and / charges on a national level in order to monitor the development of costs, the financial taxes balance and the structure and level of prices. Accounts can therefore be seen as monitoring and strategic instruments at the same time. They have to consider the country-specific situation and the institutional frameworks. 

The pilot accounts show the level of costs and charges as they were in 1998 (and 1996 respectively) and provide a workable methodological framework to enable regular updating of transport accounts. Furthermore, an extrapolation for 2005 is given. The choices of additional accounting years (1996 and 2005) were motivated by the need to show a comparison between years and to give a good indication of trends in transport for the near future. Also, the inclusion of 1996 provides a double check on any major statistical abnormalities that may occur in one year, for example very high infrastructure cost due to tunnelling operations or higher than average accident costs because of major accidents occurring in 1998. Note, however, that the core year of the pilot accounts is 1998. Both the results for 1996 and 2005 are derived from this core year.

1.2.2
Core, supplementary and excluded data in the pilot accounts

The pilot accounts have been divided into the classes “core data” and “supplementary data”. Core data is the data necessary to do a full basic review of the country accounts. Core data is data within the following categories; infrastructure costs; the external costs of transport accidents; the environmental categories air pollution, noise and global warming and supplier operating costs. Transport revenues and taxes are also documented here. Supplementary data falls into two categories. Firstly, for several cost categories being evaluated there is no standard methodology for the valuation of effects. An example of this is the valuation of loss of biodiversity due to transport infrastructure. Even though a valuation method has been developed for the UNITE Pilot Accounts, we feel that the level of uncertainty (due to lack of comparative studies) is high enough to warrant the information to be classified outside of the core data where efficient and well tried valuation methods have been utilised. Secondly, some costs which can be estimated and valuated are borne by the transport users themselves (for example delay costs). These costs and the methods used to valuate them present valuable further information to the reader, but can not be considered to be part of the overall costs of transport as defined by UNITE. Supplementary data is data within the following categories, congestion costs; the internal part of accident costs including the risk value; and, the environmental costs risk due to the provision of nuclear power and the costs associated with nature and landscape, soil and water pollution. Subsidies also fall within the category supplementary data.

1.2.3
The six UNITE pilot account cost categories

Data for the pilot accounts are collected within six cost and revenue categories that are described in Link et al. (2000) and are summarised in the following section.

Infrastructure costs

For the pilot accounts, data for the assessment of infrastructure costs are structured to show the capital costs of transport infrastructure (including new investments and the replacement of assets) and the running costs of transport infrastructure (maintenance, operation and administration) for all modes of transport studied. As far as possible with current methodological knowledge, infrastructure costs are allocated to user groups and types of transport. Where it is possible to quantify the share of joint costs they are separated out and are not allocated.

Supplier operating costs

All monetary costs incurred by transport operators for the provision of transport services are documented in the category supplier operating costs. Ideally, the data is structured to show what costs are incurred for vehicles, for personnel and for administration. However, this depends on data availability and will differ from country to country. Since collecting and supplementing this data for all modes is extremely time consuming the UNITE project focuses on estimating supplier operating costs only for those modes where significant state intervention and subsidisation is present. The main emphasis in this category is thus on rail transport and other public transport (tram, metro, bus). Whether other modes also have to be covered depends on the degree of state intervention in the respective countries. The corresponding revenues from the users of transport are included when supplier operating costs are estimated. The difference between such costs and revenues is the net public sector contribution (economic subsidy).

Delay costs due to congestion

In the European Commission’s White Paper “Fair payment for infrastructure use” (1998), costs caused by transport delays, accidents and environmental effects of transport are estimated to be the three major causes of external transport costs. In the category congestion costs, the costs of delay and delay-caused additional operating costs are estimated. Note, within the pilot accounts the term congestion costs is used even though delay costs only were calculated. The name of the cost category “user costs” (Link et al. 2000, Doll et al. 2000) signifies that we are aware that this category does not cover all aspects of costs related to congestion. The estimation of delay costs as defined here is carried out for all transport modes, provided data is available. This data is classified as supplementary data because the bulk of these costs are borne by transport users as a whole.

Accident costs

The loss of lives and the reduction of health and prosperity through transport accidents are of major concern to all countries and to the European Commission. In this section of the accounts, the health related accident costs are calculated by assessing the loss of production, the risk value and the medical and non-medical rehabilitation of accident victims. Where the available data basis allows, the damage to property and the administrative costs of accidents are also considered. The external part of accident costs (defined in this report as accident costs imposed by transport users on the whole society) is included in the core section of the accounts. The internal part of accident costs however, costs imposed by one user on other users are therefore treated as supplementary costs.

Environmental costs

A wide range of transport related environmental impacts and effects, presently being hotly debated in all countries, is considered in this section of the accounts. Included in this cost category are: air pollution, global warming, noise, changes to nature and landscape, soil and water pollution and nuclear risks. The valuation of these environmental effects is carried out for all transport modes, provided adequate data is available.

Taxes, charges and subsidies

In this section, the level of charging and taxation for the transport sector is documented for each mode of transport. Wherever possible, the revenues from taxes and charges are shown for fixed taxes and charges and variable ones. This information plays an important part in the ongoing discussions about the level of taxation between transport modes and countries. The comparison between taxes levied and the costs of infrastructure provision and use accrued per mode is central to this debate and holds a high level of political significance. Environmental taxes that apply to transportation are separately considered in this section. Taxes such as VAT that do not differ from the standard rate of indirect taxes are excluded from this study.

A further part in this area is reporting on subsidies. The need to maintain free and undistorted competition is recognised as being one of the basic principles upon which the EU is built. State aid or subsidies are considered to distort free competition and eventually cause inefficiency. Subsidies to the transport sector provided by the member states are not exempted from the general provisions on state aid set out in the Amsterdam Treaty. There are, however, special provisions set out in the treaty in order to promote a common transport policy for the transport sectors of the member states (Treaty establishing the European Community : Articles 70 – 80). The subsidies of the transport sector are considered in this section. It should be noted that a complete reporting on subsidies would require an extremely time-consuming analyses of public budget expenditures at all administrative levels. Furthermore, the subsidies reported in the pilot accounts refer mainly to direct subsidies (e. g. monetary payments from the state to economic subjects) at the federal state level but generally not at the municipal level. Indirect subsidies (e. g. tax reductions and tax exemptions that cause lower revenues of state budgets) are quantified where possible.

1.2.4
The transport modes covered in the pilot accounts

The modes covered in UNITE are road, rail, other public transport (tram, metro, trolley bus), aviation and maritime shipping. The level of disaggregation into types of networks and nodes, means of transport and user groups depends on data availability and relevance per country. Table 1 summarises this disaggregation for the Spanish pilot account. Section 2.1 provides in addition some indicators per mode in order to show the importance and relevance of each mode in the Spanish transport system.

Table 1
The modes, network differentiation, transport means and 
user breakdown in the Spanish pilot accounts

	Transport modes
	Network and institutional differentiation
	Means and user breakdown

	Road
	High capacity roads / Other conventional roads

National network (central government)

Regional network (autonomous regions govts and local govts)
	Vehicle types: motorcycles, private cars, buses, light goods vehicles (LGV) and heavy goods vehicles (HGV)

	Rail
	National Railways (RENFE)

Regional railway companies

	Passenger and cargo

	Other public transport
	Metro networks (Madrid, Barcelona and Bilbao)

Urban and interurban buses
	–

	Aviation
	Airports
Air transport
	Passenger and cargo

	Maritime shipping
	Seaports
Maritime transport
	–

	Source: EIET


1.3
Results presentation and guidelines for interpretation

The goal of the data collection and estimation of cost and revenues in each category was a level of disaggregation that shows the pertinent costs and charges of the relevant transport mode. From the available, but very heterogeneous input data and results, a structure for reporting transport accounts has been developed. All results are documented separately for each cost category and are summarised in modal accounts covering all cost and revenue categories. Additionally, a set of data needed as basic data for all cost categories was collected to ensure that commonly used data have consistency between the cost categories.

The categories studied present a comprehensive estimation of transport costs and revenues. They are however, not a total estimation of transport costs. Each cost category could include data in further areas and a definite border had to be drawn around the data to be collected for this project. For example, the estimation of environmental costs does not include the environmental costs incurred during the manufacturing of vehicles, even though these costs could be estimated. These costs would be included in an ideal account, but lie outside the scope of the pilot accounts. Further transport costs categories such as vibration as attributing to environmental costs are not evaluated because no acceptable valuation method has been developed.

It should be noted that due to the separation into core and supplementary data with different levels of uncertainty and with different types (costs borne by transport users themselves versus external costs) care is needed when comparing costs and revenues. 

1.4
The structure of this annex report

This annex report contains four major parts. Chapter 2 briefly explains firstly the organisation of the Spanish transport sector and the importance of each mode in order to provide some background information for the interpretation of the pilot accounts. Secondly, the input data that was used in the accounts is described here. The main methodological issues which have arisen during the elaboration of the accounts for Spain are discussed in chapter 3. The results are presented and discussed in chapter 4. The descriptions in these chapters are organised along the categories infrastructure costs, supplier operating costs, congestion costs, accident costs, environmental costs and taxes, charges and subsidies. Chapter 5 presents the summary tables on the Spanish pilot accounts and chapter 6 draws conclusions.

2
Description of input data

2.1
Overview on the Spanish transport sector and basic input data

This section provides some basic information on the Spanish transport sector, its organisation and the relevance of each mode within the whole transport system.  The objective of this information is to be useful for the interpretation of the pilot accounts. Table 2 presents some basic social and economic indicators.

Table 2
Basic indicators for Spain, 1996 and 1998

	
	unit
	1996
	1998

	Land area
	sqkm
	499 000
	499 000

	Population
	1 000
	39 669
	39 853

	Population density
	inhabitants/sqkm
	78.5
	79

	Population employed
	1 000
	12 396
	13 205

	Employment Rate 2)
	%
	31
	33

	GDP1)
	€ billion
	448.46
	486.74

	GDP per capita
	€ million
	0.011
	0.012

	GDP growth rate 
(change to previous year)
	% 
(in prices of 1995)
	2.4
	4.3

	Consumer price index 
	1995 = 100
	103.6
	107.5

	1) At 1995 market prices.- 2) Rate of employed people over total population.

Source: INE 


Table 3 gives an overview on transport related indicators per mode which will be summarised in the subsequent sections 2.1.1-2.1.5.  This data was commonly used for the calculations in the specific cost categories.

Table 3
Basic transport related indicators for Spain 1998 per mode

	Indicator
	Unit
	Road
	Rail
	Public transport5)
	Aviation
	Inland navigation
6)
	Maritime shipping
	Total

	Transport performance
	
	
	
	
	
	
	
	

	Passengers carried
	Mill.
	:
	522
	3 674
	39
	•
	7
	:

	
	%
	:
	:
	:
	:
	•
	:
	:

	Passenger-km
	Bill. Pkm
	:
	19
	:
	54
	•
	:
	:

	
	%
	:
	
	:
	:
	•
	:
	:

	Goods transported1)
	Mill. t
	690
	29
	•
	0.2
	•
	4.52)
	724

	
	%
	95
	4
	•
	0.0
	•
	0.6
	100

	Tonne-km1)
	Bill. tkm
	91
	12
	•
	0.8
	•
	:
	:

	
	%
	
	
	•
	
	•
	:
	:

	Network length
	1000 km
	664
	14
	:
	•
	•
	•
	•

	Employees
	1000
	33)
	41
	70
	29
	•
	3
	146

	Gross investments4)
	€ mill.
	4 731
	1 039
	804
	518
	•
	521
	7 614

	
	%
	62
	14
	11
	7
	•
	7
	100

	Gross capital stock4)
	€ mill.
	91 538
	54 182
	:
	3 447
	•
	11 085
	160 252

	
	%
	57
	34
	:
	2
	•
	7
	100

	Accidents
	
	
	
	
	
	•
	
	

	Number of injuries
	Casualties
	141 377
	39
	:
	2
	•
	24
	141 442

	Number of fatalities
	Casualties
	5 957
	25
	:
	17
	•
	50
	6 049

	Environment
	
	
	
	
	
	•
	
	

	Direct transport emissions
	
	
	
	
	
	•
	
	

	CO2
	Mill. t
	64
	1
	:
	10
	•
	:
	75

	PM2.5
	1 000 t (exhaust)
	:
	:
	:
	:
	•
	:
	:

	PM10
	1000 t (non-exhaust)
	:
	:
	:
	:
	•
	:
	:

	NOx
	1 000 t
	575
	7
	:
	4
	•
	:
	586

	SO2
	1 000 t
	52
	15
	:
	0.4
	•
	:
	67

	NMVOC
	1 000 t
	259
	0.5
	:
	1
	•
	:
	260

	1) 1997 data.-2) Cabotage transport.-3) Toll-roads concesionnaires’ employees. 4)Only infrastructure investments. 5) Buses and metro. 5) Not relevant in Spain.

Sources: Ministerio de Fomento (1998a, 1998b) and INE (1997).


2.1.1
Road transport

The Spanish road network in 1998 had a length of 163 273 km, representing a gross capital stock of € 91.5 billion (1998 prices), which amounts to 57.4% of total capital of the transport sector.  Most of the network is owned and maintained by public institutions (national and regional governments), although there are 2 072 km of tolled motorways, which are operated by private companies through concession contracts.  

Interurban roads can be broadly classified in Spain into two categories: (a) high capacity roads, which comprises tolled-motorways, free-motorways, and double-lane roads with separated ways (autovías), and (b) other conventional roads.  The first group had 9 637 km in 1998, which amounted to 5.9% of the total network.

In 1998, the core year of the pilot accounts, there were 21.3 million vehicles in Spain. Of this, 75% corresponded to private cars, and 16% to trucks, lorries and buses.  Overall, the use of road infrastructure was quite intensive, with a total output of 190.1 billion vehicle-km, 20.6% of which were performed by light- and heavy goods vehicles.

2.1.2
Rail transport

The Spanish rail market is characterised by one dominating company, the national rail company RENFE, which provides most of the passenger (92.6% of the market), and freight services (95.9%).  There are five other smaller regional operators, all of them public companies (FEVE, and the rail companies from Catalonia, Basque Country, Valencia and Majorca).  There are also some private operators, but their relevance for the market is tiny (in 1998, the network served by private companies had 136 kilometres, and they produced 32 million passenger-km, 0.17% of total services in Spain).

In 1998, the railway network of all operators amounted to 14 285 km representing a gross capital stock of € 54.2 billion (at 1998 prices). This represented 34 % of the total gross capital stock of the Spanish transport sector. The volume of services provided was 18.9 billion passenger-km and 11.8 billion ton-km of freight transport.  The railway sector employed 40,472 persons in 1998. 

Table 4
Road mileage driven in Spain
– in million vehicle-km – 

	
	All Roads
	High Capacity Roads 1)
	Other Roads

	1996

	
	
	
	

	Total
	173 688
	62 873
	110 815

	   Motorcycles
	1 377
	488
	889

	   Passenger cars
	136 365
	48 330
	88 035

	   Buses
	1 415
	599
	816

	   Light goods vehicles 
	13 747
	4 872
	8 875

	   Heavy goods vehicles
	20 286
	8 583
	11 702

	        Rigid trucks
	14 658
	6 202
	8 456

	        Articulated trucks
	5 628
	2 381
	3 246

	   Agricultural vehicles
	497
	0
	497

	1998

	Total
	190 128
	70 086
	120 042

	   Motorcycles
	1 383
	502
	880

	   Passenger cars
	147 234
	53 494
	93 741

	   Buses
	1 883
	767
	1 116

	   Light goods vehicles 
	14 368
	5 220
	9 148

	   Heavy goods vehicles
	24 788
	10 103
	14 685

	        Rigid trucks
	17 746
	7 233
	10 513

	        Articulated trucks
	7 042
	2 870
	4 172

	   Agricultural vehicles
	472
	0
	472

	2005 2)

	Total
	245 553
	90 221
	155 332

	   Motorcycles
	1 518
	551
	968

	   Passenger cars
	191 014
	69 274
	121 740

	   Buses
	2 386
	963
	1 423

	   Light goods vehicles 
	18 613
	6 750
	11 863

	   Heavy goods vehicles
	31 409
	12 682
	18 727

	        Rigid trucks
	22 486
	9 079
	13 407

	        Articulated trucks
	8 923
	3 603
	5 320

	   Agricultural vehicles
	612
	0
	612

	1) Includes tolled-motorways, free-motorways, and double-lane high capacity roads (autovías). - 2) For the forecast 2005 methodology, refer to section 3.

Source: Ministerio de Fomento (1996, 1998)


Table 5 shows the train-km operated by RENFE in 1998 in the segments of commuting, regional passenger transport, long-distance passenger transport, high-speed trains and freight. This input data was used for all cost and revenue categories in the Spanish pilot accounts. 

Table 5
Train-km of Spanish National Railways (RENFE) 1996, 1998

	
	1996
	1998

	
	Train-km (million)

	Passenger transport
	122.9
	126.0

	Commuting services
	50.8
	51.5

	Regional services
	27.9
	29.5

	Long-distance (international and other services) 
	37.1
	36.8

	High-speed services
	7.1
	8.2

	Freight transport
	37.0
	40.2

	General cargo
	25.4
	26.9

	Containers
	11.6
	13.3

	Source: RENFE (1999) and EIET 


2.1.3
Public transport (metro and buses)

For the case of Spain, public transport is formed of three types of services: metro, urban buses and interurban buses.  There is no significant tram network in any Spanish city, and only some minor lines are found for this transport mode. Trolley-buses are also non-existent.  Table 6 summarises all information relative to public transport in Spain.

Metro services are offered only in three cities: Madrid, Barcelona, and Bilbao.  Operators are public companies in the three cases, subsidised by regional or local governments.  Cost coverage by fares is around 60%.  Total supply of services in 1998 was 34 million train-km, which represented the provision of 29.3 billion seat-km.  The three metro companies employed 8 330 workers in 1997.

Urban bus services are provided in Spain by around 160 companies, some of which are publicly owned by local governments, while others are private firms operating under concessions.  In 1997 the total fleet in this sector was formed of 7 615 buses. The urban bus sector employed 22 736 workers.  The most relevant segment of services is the one of regular services (97.9% of total vehicle-km).  Since the other urban bus services are minor in terms of volume compared to regular ones (school buses 0.5%, services to companies 0.4%, and tourist buses 1.2) they are not considered for the pilot accounts.

The largest five cities in Spain (Madrid, Barcelona, Valencia, Seville and Zaragoza) concentrate 40% of the activity of urban bus services, measured in terms of vehicle-km offered.  In terms of cost coverage, the situation is similar to that of metro services: revenues from fares amount to 70% of operating costs.

The third segment of public transport activity is formed of interurban bus services, which are provided by a large number of firms (3 675 in 1997).  Within this sector, as in the case of urban buses, there are regular services, school buses, services to companies and tourist buses.  Regular interurban buses are operated on a network of routes with 344 333 km, and a volume of services in 1997 of 970.7 million vehicle-km.  Part of these services are performed in routes with a urban section, which can be estimated around 13%.  Services other than regular are more significant in the interurban context than in the urban one: school buses (11% of total vkm), services to companies (5.9%) and tourist buses (31.5%).  

Interurban bus services are much less subsidised than urban services: subsidies only represent 1.5% of total revenues for companies providing services. In 1997, the sector employed 39 189 people, and had a total fleet of 31 200 buses. 

It has to be noted that the delimitation and definition of the mode ‘public transport’ presented difficulties for the Spanish pilot accounts. It was not always possible to obtain individual information for this sector separated from other modes.  For example, infrastructure costs for urban and interurban buses are included within the road sector, while costs for metro systems are included within the railway sector.  Environmental data also presented problems, because it is difficult to estimate the part of road transport attributable exclusively to buses.  

Regarding congestion costs, information is restricted to the segment of interurban buses, which are the ones using the road sections for which it was possible to identify congestion problems.  Although congestion in urban roads is indeed quite relevant, lack of information has forced us to leave those estimates out of the pilot accounts. 

Against this background, attention should be paid when results for the different cost categories are interpreted for the sector ‘public transport’. A summary table of relevant information for the different modes included in the public transport sector is given in Table 6.

Table 6
Public transport sector in Spain 1998

	
	Network
	Total supply 

	Metro services

	
	Number of stations
	Total
km
	Vehicle-km
(million)

	Madrid
	182
	136.0
	20.2

	Barcelona
	111
	80.5
	11.4

	Bilbao
	27
	28.1
	2.3

	Urban buses 1)

	
	Number of routes
	Total
km
	Vehicle-km
(million)

	Regular services
	1 451
	13 518
	472.4

	School buses
	:
	3 595
	2.6

	Services to companies 2)
	:
	1 639
	1.7

	Tourist buses
	:
	:
	5.8

	Interurban buses 1)
	
	
	

	
	Number of routes
	Total
km
	Vehicle-km
(million)

	Regular services
	4 687
	344 333
	970.7

	School buses
	:
	458 116
	205.9

	Services to companies 2)
	:
	136 561
	111.5

	Tourist buses
	:
	:
	591.7

	1) Available data correspond to 1997. - 2) Services to companies are contracted or provided by firms to facilitate transport services to their personnel. – 

Sources :  Ministerio Fomento (1998) and INE (1997)


2.1.4
Aviation

In 1997, there were 24 airlines established in Spain providing air transport services, with a total fleet of 318 aircraft and employing 31 682 people.  The total output produced by this sector was 38.2 million passengers transported, amounting to 38.2 billion pax-km.  Iberia is the dominant operator in this market, with roughly half of total plane movements at Spanish airports.  

The airport system is formed of 39 airports, managed by AENA (Aeropuertos Nacionales y Navegación Aérea), a public institution that is also in charge of air traffic control. Nine airports have more than one runway, of which five had movements of passengers above 2 million pax per year in 1998. Table 7 presents some indicators of Spanish airports’ level of activity.

The airports generated a total revenue of 1 123 million €, which more than covered their operating expenses (983.3 million €). It must be noted that airports are managed as a whole network by AENA, i.e. resources generated by all airports are pooled and distributed according to investment decisions, therefore some profitable airports finance costs from other minor smaller facilities. 

In terms of total traffic, in 1998 a total of 116.4 million passengers used Spanish airports, 60% of whom were international travellers, and the rest used domestic flights. The main airports are Madrid (24.9 million pax), Majorca (17.6 million), and Barcelona (15.7 million).  Air cargo services are relatively of minor importance compared to those of passengers, nevertheless, in 1998 total movements of goods amounted to 548 thousand tons (60% on international flights). Air freight transport has been growing rapidly during the last years: between 1990 and 1998, total cargo passing through Spanish airports increased by 30%.

Table 7
Input data aviation 1996, 19981)
	
	Unit
	1996
	1998

	Takeoffs and landings
	1 000
	1 092
	1 253

	Passengers embarking/disembarking
	106
	100.1
	116.4

	Cargo loading/unloading
	1 000 t
	490.4
	548.0

	Source: Ministerio de Fomento (1996, 1998)


2.1.5
Waterborne transport: maritime shipping

Inland waterway shipping is non-existent in Spain, due to geographical and physical reasons (only a minor section of some rivers makes them apt for navigation).  Therefore, this item is excluded from the Spanish accounts. 

Maritime shipping is, however, quite important for the Spanish economy. Given the geographical position of this country in Europe, a large proportion of exported goods make use of ships to reach other regional or overseas markets. In 1998, a total of 15.4 million passengers (13 million on national routes, 2.4 million on international ones) and 292.3 million tons of goods (71% corresponding to exports) passed through Spanish ports.

The system of Spanish seaports is formed of 47 main ports, who are owned and managed by the central government, and another group of minor smaller facilities (fishing and recreational ports), which have been transferred to regional governments. Algeciras, Barcelona and Valencia are the three main ports in terms of total movement of cargo, all of them with a significant volume of containers moved (above 1 million TEUs per year each of them). The complete Spanish port system moved 5.8 TEUs in 1998. Basically all the largest ports have built specialized container terminals, and they have modernized their equipment to be more efficient in the movement of containerized cargoes.

The Spanish port system generates enough resources to cover their operating costs. In 1997, total revenues obtained by ports amounted to 499.3 million €, while costs were 429.1 million €. However, port investments have grown rapidly during the last decade, and the system has required external resources to finance part of them. Around 15% of total port investments were financed by long-term debt and EU funds (ERDF) (1997 data).

Regarding the companies providing shipping services, there are 14 companies providing passenger services, and around 75 moving cargoes (some companies providing both types of services). The main operator in the passengers’ markets is Trasmediterranea, a publicly-owned company that prior to liberalization was the only operator in many routes. After the opening of markets, it faces competition from some other private companies, specially in the more dense routes. The most attractive markets for maritime transport of passengers are routes connecting Barcelona, Valencia, Alicante and other minor ports to Majorca and other Balearic Islands; connections between southern ports with Canary Islands and the north-African cities of Ceuta and Melilla; and regional routes between islands.

The market for cargoes is, in general, more competitive than for passengers. Although the company Trasmediterranea also enjoyed in the past a privileged monopolistic position in some routes, the market structure is now more fragmented. In 1998, the fleet of ships owned by Spanish companies and used to provide maritime transport services was around 350 units (including those under Spanish flag, and others registered in foreign countries) with a total cargo capacity of 1.6 million gross tonnes.

2.2
Input data per cost/revenue category

2.2.1
Infrastructure costs

Input data used to estimate transport infrastructure costs are time series of historical investments disaggregated per mode.  For the case of Spain, these time series have been developed by BBVA (1998), by compiling and examining in great detail data from official and other sources.  For all modes, there exist homogeneous investment series for the period 1955-1998. Input data for infrastructure costs for the Spanish accounts can be regarded as of very good quality.

The perpetual inventory model was applied (as described in section 3) to the investment series, in order to calculate the value of capital stock and capital costs for each transport mode.  Data for running costs had either to be collected from official statistics and business reports, or had to be estimated based on surveys for some modes. Further input data required are parameters used in the perpetual inventory model, basically life expectancies for infrastructure assets, and a specific price index for construction. Table 8 summarises the sources of data used to estimate infrastructure costs, and some quality assessments for them.

Table 8
Sources and quality of input data for estimating infrastructure costs

	
	Input data
	Level of disaggregation
	Quality of data, level of uncertainty

	Road
	BBVA (1998) road investment time series.
	Categories of roads according to institutional responsibility: national, regional and local governments, on one hand, and private concessionaires on the other.
	High quality data

	Rail
	BBVA (1998) rail investment time series.
	National railways (RENFE) and regional railway companies (five operators)
	High quality data

	Public Transport
	Only incomplete information on metro investments is available.   Not considered to be reliable to apply perpetual inventory model.
	None
	Poor

	Air
	BBVA (1998) airport investment time series.
	All Spanish airports included.
	High quality data

	Inland waterway
	Not applicable to Spain 
	Not applicable to Spain 
	Not applicable to Spain 

	Maritime transport
	BBVA (1998) port investment time series.
	All Spanish ports included.
	High quality data

	Source:  EIET


2.2.2
Supplier operating costs

As stated in the previous chapter, supplier operating costs are calculated only for public transport and rail services, since these are the transport modes significantly subsidised by governments.  Table 9 summarises the information and the quality of data used for the calculation of supplier operating costs.

Data sources for rail are economic reports from RENFE, main Spanish railway operator, and a study from 1997 which collected information from all six operators (RENFE and regional railways companies) via questionnaires (INE, 1997).  Although it was not possible to obtain the optimal degree of disaggregation as set in the UNITE objectives, the input data for this sector can be considered in general of good quality.

For public transport, the same study (INE, 1997) provides aggregated information about the companies providing services for the sub-sectors included in the category of public transport:  metro, urban buses and interurban buses.  Interurban buses, however, are excluded from the calculation of supplier operating costs, because only some companies are subsidised and it is not feasible to separate their data from other services whose costs are fully covered by passenger revenues.  For urban buses, it was possible to obtain more detailed information on cost structures than the one offered in INE (1997) from a survey carried out by EIET, based on a sample of bus companies providing services in Spanish cities.

Table 9
Sources and quality of input data for estimating supplier operating costs

	
	Input data
	Level of disaggregation
	Quality of data, level of uncertainty

	Rail
	RENFE separates transport services and infrastructure internally, but does not publish sufficient separate financial information. Only  aggregated data is available.


For regional rail companies only information from 1997 study was available. 
	Not reliable to separate RENFE from other operators, the rail sector is treated globally regarding supplier costs.

Disaggregation only feasible in the following cost categories: personnel, fuel, electricity, consumables, leasing and rents, R+D expenses, repairs and maintenance, insurance, financial costs, advertising and depreciation. 


	Fairly good data quality.


	Public transport
	Data obtained from survey (INE, 1997) on all companies for each subsector: metro, urban buses, interurban buses.  

For urban buses, more detailed information from 1992 study.
	At sub-sector level, aggregated information from all operators.

Only broad categories for cost classification.


	Data is representative of all companies for each subsector. 

	Source:  EIET


2.2.3
Delay costs due to congestion

2.2.3.1
Road transport

a)
Motorised individual passenger traffic

Costs perceived by drivers and passengers in motorised individual road transport as a consequence of congestion problems include extra time costs and extra fuel costs, when compared to trips under non-congested conditions.  For the calculation of delay costs, the following data sources and values were used: 

· Values of travel time per vehicle kilometre were developed out of the values of time by travel purpose provided by the UNITE valuation conventions (Nellthorp et al., 2001), applied for the case of Spain. For car travel under free flow conditions the following values per passenger hour were used: Business: € 16.34, private and commuting: € 4.09 and leisure: € 2.73. According to the UNITE methodology, for congested conditions the values were increased by 50%. 

· There are no comprehensive studies analysing road travel purposes in Spain, neither to determine occupancy rates.  The assumptions used for calculations are based on studies for Germany (Kessel & Partner IVT, 1993;  BMVBW/DIW, 2000). The shares of trip purposes in individual motorised traffic (percentage of passenger kilometres) for all road types and vehicles are as follows: business 18%, private/commuting 33%, and leisure 49%. Vehicle occupancy rates considered to translate vehicle-hours into passenger-hours are 1.2 pass/vehicle for business travel, 1.4 for private/commuting and 2.1 for leisure trips.  

· Fuel prices for diesel and gasoline were obtained from official statistics (Ministerio Fomento, 1998).  A weighted-price per litre of fuel was calculated, based on data on the stock of vehicles in Spain using each type of fuel. In 1998, there were 16.05 million private cars, of which 21% used diesel (up from 16% in 1996).  Using those weights and actual fuel prices, a price of € 0.66 per litre was applied to 1998 estimates of extra fuel consumption (€ 0.70 per litre for 1996). It is remarkable that between the two dates, average fuel prices went down in Spain. This is due to two effects: on one hand, prices both for diesel and gasoline fell; and on the other hand, the higher share of diesel vehicles puts a greater weight on the cheaper fuel type.
· The forecast for the price of fuel in 2005 is calculated based on time series of gasoline and diesel prices during the 1990s.  Linear trends were estimated, from which prices for each fuel category are obtained.  As the share of diesel cars has been rising in Spain during the last years, a weight of 25% of vehicles using diesel is considered for 2005.  Based on those estimates and assumptions, a price of € 0.67 per litre is obtained for the valuation of extra consumption of fuel by cars due to congestion problems.
· Total vehicle-km performed by cars on congested roads are estimated from official studies by the Ministry of Transport.  A number of bottlenecks has been identified on the network of main roads in Spain, where congestion problems are severe (Ministerio de Fomento, 1999).  These road sections generally correspond to arterial access to main cities, and road sections in some cross-border areas.  Urban congestion on roads and streets other than main accesses has not been included, due to lack of information.

· Although the volume of total vehicle-km performed under congestion on those bottlenecks has not been exactly determined in the official statistics, it is possible to estimate it from total vehicle flows (actual average daily circulation on those road sections are known), based on some assumptions on trip length and severity of congestion.

· Average speeds of cars circulating under congested conditions are estimated in line with those values used for other Member States, and are as follows: 20 kph for motorways, and 10 kph for conventional roads.  The benchmark speeds used for reference are the maximum speed limits allowed in each type of road (120 kph for motorways, 100 kph for double-lane roads, and 90 kph for conventional roads).

· Figures for fuel consumption by cars under congested and non-congested conditions are based on estimates used by Link et al (2001) for the German accounts. For motorways and double-lane roads, consumptions are estimated at 0.10 litres per vehicle-km for free flow conditions, and 0.15 under congestion. For conventional roads, the values are 0.08 and 0.15, respectively.

Table 10
Basic input data and unit costs in individual road transport

	
	Average speed
kph
	Average fuel consumption
litre / vehicle-km
	Traffic volume
million vkm
(1988)
	Share of congested traffic (%)

	
	Normal
	Congested
	Normal
	Congested
	Total
	Congested1)
	

	Cars
	
	
	
	
	147 234
	3 019
	2.05

	  Motorways
	120
	20
	0.10
	0.15
	53 4942)
	2 6282)
	4.91

	  Other high

  capacity roads 

  (autovías)
	100
	20
	0.10
	0.15
	:
	:
	:

	  Other roads
	90
	10
	0.08
	0.15
	93 741
	391
	0.42

	1) Estimated traffic volumes performed under congestion correspond exclusively to those segments on the main road network identified as bottlenecks by the Ministry of Transport (access to cities and some cross-border areas). – 2)  These figures include data for all high-capacity roads (motorways and others)

Sources: Link et al (2001) and Ministerio de Fomento (1998)


b)
Road freight transport

Congestion suffered by road freight transport has been estimated in a similar way to that of individual passenger transport.  The basic source of information to determine the volume of vkm performed under congestion stems from the road bottlenecks identified by the Ministry of Transport.  For those road sections, it is feasible to determine the number of light good vehicles (LGVs) and heavy good vehicles (HGVs).

Values of time for road freight transport are calculated from UNITE valuation conventions (Nellthorp et al. 2001), adapting them for the case of Spain.  For 1998, the values per vehicle-km are € 31.12 for LGV, and € 33.45 for HGV. These values of time represent the opportunity costs of time savings for the shipper and the haulier and time-dependent operating costs borne by the haulier.

Fuel consumption by trucks is based on estimates used for the German accounts (BMVBW/DIW 2000). Values are different for high-capacity roads and conventional roads, and there are also differences in the consumption by LGVs and HGVs.  Under free-flow conditions, consumption per km by light good vehicles is estimated at 0.11 litres/km on motorways, and 0.11 on conventional roads.  These values are increased to 0.14 litres/km when vehicles run on congested roads of both types.  For heavy goods vehicles, consumptions are 0.35 litres/km on motorways and 0.30 on conventional roads, which rise to 1.01 litres/km under congestion in both type of roads.

Prices for diesel and gasoline were obtained from official statistics (Ministerio Fomento, 1998), and weighted to obtain a single price per litre to apply to estimated extra-consumption of fuel.  Using official figures from the stock of trucks, it was feasible to determine the shares of LGV and HGV using each type of fuel.  Fuel prices for 1998 are then € 0.59 per litre for LGV and € 0.58 for HGV. Table 11 presents core input data for the estimation of congestion costs in road freight transport for Spain in 1998. 

Table 11
Basic input data for road freight transport in Spain 1998

	
	Average speed
kph
	Average fuel consumption
litre / vehicle-km
	Traffic volume
million vkm
(1988)
	Share of congested traffic (%)

	
	Normal1)
	Congested
	Normal
	Congested
	Total
	Congested2)
	

	LGVs
	
	
	
	
	14 368
	335
	2.33

	  Motorways
	96
	20
	0.10
	0.15
	5 2203)
	2913)
	5.57

	  Other high

  capacity roads 

  (autovías)
	80
	20
	0.10
	0.15
	:
	:
	:

	  Other roads
	72
	10
	0.08
	0.15
	9 148
	44
	0.48

	HGVs
	
	
	
	
	24 788
	464
	1.87

	  Motorways
	96
	20
	0.07
	0.10
	10 1033)
	404
	4.00

	  Other high

  capacity roads 

  (autovías)
	80
	20
	0.07
	0.10
	:
	:
	:

	  Other roads
	72
	10
	0.05
	0.10
	14 685
	60
	0.41

	1) Normal speeds for trucks and lorries are estimated based on maximum speed limits, reducing those by 20%. -
2) Estimated traffic volumes performed under congestion correspond exclusively to those nodes on the main road network identified as bottlenecks by the Ministry of Transport (access to cities and border areas). – 3)  These figures include data for all high-capacity roads (motorways and others)

Sources: Link et al (2001) and Ministerio de Fomento (1998)


c)
Public transport  (interurban bus services)

In Spain, the only relevant modes included within the public transport sector are urban buses, interurban buses and metro. Tram and trolley buses are not relevant for the Spanish accounts.  Taxi services use the same infrastructure (streets, roads) as the private road transport, therefore congestion suffered by taxis is already included in the private cars’ estimates.

Unfortunately, there is no available information to estimate congestion problems suffered by urban buses, which is likely to be an important part of congestion costs for public transport, and neither for metro.  Lack of information about punctuality has forced us to restrict our attention to interurban services, leaving metro and most urban buses’ delays out of the account.  However, the information used to estimate congestion costs includes data on bottlenecks at main cities’ arterial accesses and city orbital-rings.  Thus, some of the congestion suffered by urban bus services is captured in figures reported in the road account.

Therefore, the numbers provided in the Spanish account for public transport congestion reflect mainly costs for inter-urban buses.  These services are affected by road congestion problems at the bottlenecks analysed in our sample data, therefore it was feasible to estimate extra passengers-hours spent due to congested road conditions.  In contrast to individual road transport by car, where in addition to time costs, fuel costs influence the decisions of the passenger, this is not the case for public transport. Since only time costs and fares are costs perceived by the passengers, the fuel cost component is omitted here. 

Total bus-km performed under congestion was obtained from the analysis of the road bottlenecks identified by the Ministry of Transport (Ministerio de Fomento, 1999).  Using information on the share of vehicles corresponding to buses, it was possible to determine the number of vehicle-km for this mode.  The conversion from vehicle-km into passenger-km was based on figures on the average bus size from the total stock of vehicles (DGT, 1998), assuming a load factor of 70%.

The values of travel time per passenger hour were set according to the UNITE valuation conventions (Nellthorp et al. 2001) for business, private/commuting and leisure travel.  As it was not feasible to determine for Spain the share of each trip purpose, this information was extrapolated from the German account, using the values provided by BMVBW/DIW (2000): business 2%, private/commuting 75%, and leisure 22%.  Table 12 presents the basic input data for public transport (inter-urban buses). 

Table 12
Basic input data for public transport (interurban buses) in Spain 1998

	
	Traffic volume
million vkm
(1988)
	Share of congested traffic (%)

	
	Total
	Congested1)
	

	Buses
	1 883
	51
	2.70

	High capacity roads
	767
	45
	5.86

	Other roads
	1 116
	6
	0.54

	1) Estimated traffic volumes performed under congestion correspond exclusively to those nodes on the main road network identified as bottlenecks by the Ministry of Transport (access to cities and border areas).

Sources: Ministerio de Fomento (1998, 1999)


2.2.3.2
Rail transport

a)
Rail passenger transport

Delays in rail passenger transport were calculated from information provided by the main national operator (RENFE) on punctuality of its trains for the different types of services supplied (commuting, regional, long-distance, and high-speed trains). No information on delays was obtained from the other five regional operators (railway companies from Catalonia, Valencia, Basque Country, Majorca and FEVE), which in 1998 provided approximately 7.5% of total passenger-km.

From the percentage of delayed trains, the number of passenger-hours lost due to rail congestion problems was estimated using average load factors. Time assigned to each type of service was set according to the definition of punctuality used by RENFE.  Table 13 presents the basic input data for calculating rail passenger delay costs for 1998.

Shares of travel purposes were taken from BMVBW/DIW (2000), and are as follows:  business 6%, private/commuting 71%, leisure 23%.  Based on those shares to determine the respective weights, and the values of normal and delayed travel time as reported in the UNITE valuation conventions (Nellthorp et al. 2001), average values of travel time were computed to be € 7.22 per passenger-hour for all train services, since it was not feasible to differentiate shares of travel purposes for each type of rail service.

Table 13
Basic input data for estimating rail passenger transport 1998

	RENFE 

Passenger services
	Punctuality 
Index
(%)
	Criteria to determine punctuality
	Average number of passengers per train

	Commuting
	99.0
	< 3 minutes
	129

	Regional
	96.1
	< 10 minutes
	77

	Long-Distance
	95.4
	< 10 minutes
	189

	High-Speed
	99.7
	< 3 minutes
	202

	Source:  RENFE (1998)


b)
Rail freight transport

RENFE is the only freight operator of rail services in Spain, due to the existence of legal barriers to entry.  Data to estimate freight train delays is then comprehensive at a national level, and was obtained from the same source as for passenger services.  Punctuality indexes for trains is available, for general and containerised cargoes.  The criterion for defining a freight service delay by RENFE is a late arrival of 60 minutes or longer. 

As for passenger services, the average load per train was calculated from information on total cargoes transported and number of trains circulated.  From the information on the number of delayed trains, it was possible to determine the volume of ton-hours lost by cargo.  The monetary value for each ton-hour was set from the UNITE conventions, adapted to the case of Spain, at € 0.59 per tonne.  The input data used is shown in Table 14.

Table 14
Basic input data for estimating rail freight delay costs 1998

	RENFE 

Freight services
	Punctuality 
Index
(%)
	Criteria to determine punctuality
	Average volume 
per train
(tonnes)

	General cargo
	93.5
	< 60 minutes
	275

	Containers
	91.9
	< 60 minutes
	295

	Source:  RENFE (1998)


2.2.3.3
Aviation

a)
Air passenger traffic

In air passenger transport, delays are considered to be late arrivals of more than 15 minutes. In international air traffic, delays are caused by (1) air traffic control, which can delay flights due to safety and capacity reasons; (2) airlines, which can experience problems with late arrival of scheduled flights, limits on crew working hours, and so forth; and (3) airports’ capacity, both at departure and arrival points, which can force planes to be grounded waiting for take-off/landing slots. 

Unless detailed flight delay statistics exist, it is difficult to disentangle all these effects which are combined into the observed delays.  In order to measure flight delays within an airport system, one should be careful to avoid double-counting, because departure delays at origin cities will approximately correspond with arrival delays at destinations.  Therefore, the criterion used here has been to consider only information on departure delays, for the six main Spanish airports.

The basic source of information used is AEA (Association of European Airlines), which reports detailed information for the main European airports. Madrid and Barcelona are the Spanish airports represented in AEA data. This information was complemented with data for the other four main airports in terms of number of flights (Majorca, Gran Canaria, Malaga and Tenerife).  These six airports represented 71% of total departures in 1998 from the Spanish airport system.

The shares of travel purposes which were applied in the German accounts (Link et al, 2001) implied a relatively large number of business trips (39%).  Although it is difficult to have a precise distribution of purposes for Spanish air travellers, this percentage seems to be too high.  Based on casual evidence on the distribution of seats generally used by companies, shares of travel purposes used for calculations are: business 20%, private/commuting 0%, and leisure 80%.

The average value of time, based on UNITE conventions adapted for the Spanish case, results in a value of € 14.83 per passenger-hour.

b)
Freight air transport

The punctuality statistics of AEA do not distinguish between passenger and freight flights. Moreover, a considerable amount of freight is loaded in passenger aircraft. For these purposes the probabilities and duration of delays applied to passenger trips were applied as well for air freight transport.  The average value of freight travel time applied to the estimated volume of time lost by freight is € 3.11 per tonne-hour for 1998.

Input data for delays in passengers and cargo air traffic in 1998 is shown in table 15.

Table 15
Basic input data on air traffic delays 1998

	Airports1)
	Total passenger departures 1998 
(thousands)
	Total cargo departures 1998
(thous. ton)
	Delay rate
(%)
	Average delay
(minutes)

	Madrid
	12 572
	150.3
	48.4
	48.4

	Barcelona
	7 812
	42.6
	47.9
	49.4

	Majorca
	8 828
	8.5
	48.42)
	48.42)

	Gran Canaria
	4 238
	13.7
	48.42)
	48.42)

	Malaga
	3 874
	4.1
	48.42)
	48.42)

	Tenerife (south)
	4 075
	4.1
	48.42)
	48.42)

	1) The six selected airports represented 71% of departures in 1998. - 2) Information not available in AEA statistics. Data from Madrid airport (main Spanish hub) is applied as best estimate, since statistics on arrivals at Madrid exhibit similar averages to those of departures.

Source: AEA Punctuality data 2000 and AENA


2.2.3.4
Waterborne transport

There is no statistical information on delays suffered in maritime transport. Therefore, no congestion costs are evaluated for the case of Spain for this mode. 

Table 16
Sources and quality of input data for estimating congestion costs in Spain

	
	Input data
	Level of disaggregation
	Quality of data, level of uncertainty

	Road
	Congestion derived from data on traffic volumes registered in several serious bottlenecks identified by Ministry of Transport on the main road network (access to large cities and some border areas) for 1999.  Figures for 1996 and 1998 estimated from changes in total volume of traffic.  Forecast for 2005 based on assumption of congestion easing due to planned investments, and expected traffic growth.

Congestion problems in urban and inter-urban secondary roads excluded due to lack of information.

VOT from the UNITE conventions.  Shares of trip purposes and vehicle occupancy rates extrapolated from German accounts because no studies are available for Spain.

Fuel price and total traffic volumes obtained from official figures (Ministry of Transport).


	Disaggregation only by general categories of vehicles: cars, freight vehicles (LGV and HGV), and buses.  Share of each category identifiable for the road bottlenecks selected.

Road type disaggregation only feasible in two group: high capacity roads (tolled and free motorways, other double lane roads), and conventional roads.
	Input data is of limited quality, because it does not cover the complete road network. (Urban congestion likely to increase considerably the cost results provided here).

It was necessary to apply several approximations to input data to calculate volume of vkm performed under congestion.

Trip purposes and vehicle occupancy rates should be analysed in detail for Spain.



	Rail
	Basic data from the main Spanish rail operator (RENFE).  Other regional operators excluded because no information was found.

VOT for passenger-hours follows UNITE conventions adapted to Spain.  Shares of trip purposes taken from German account. (6% business, 71% private/commuting, 23% leisure).


	Congestion analysed by type of rail service (commuting, regional, long-distance and high-speed trains). Delay definitions vary according to type of service.
	Data is representative of trains’ punctuality.  Estimated volume of time lost by passengers can be regarded as accurate.

Valuation of that time relies on assumption of percentages of trip purposes .



	Public Transport
	Data is restricted to information about bottlenecks identified by Ministry of Transport on main roads.

Volume of vehicle-km performed by inter-urban buses under congestion is estimated from that basic source.

VOT calculated based on trip purposes from German account (2% business, 75% private/commuting, 25% leisure).
	Two categories of roads:  high-capacity and conventional ones.
	Results are merely a rough estimate of congestion costs for interurban bus services.  

For completeness, it will be desirable to identify urban congestion, which is the type of public transport services most affected by road congestion.



	Air
	Delay statistics from Eurocontrol, AEA (Association of European Airlines), and AENA (Spanish Airports and Air Traffic Control).

Shares of trip purposes assumed from casual evidence on aircraft seat distributions (20% business, 80% leisure).


	Six main airports (Madrid, Barcelona, Majorca, Gran Canaria, Malaga and Tenerife), which represented 71% of total departing flights in 1998.


	Input data is of relatively good quality for Madrid and Barcelona.  Congestion at the other airports is estimated from figures of the whole airport system.

	Inland waterway
	Not applicable to Spain
	-
	-

	Shipping
	No information available
	-
	-

	Source: EIET.


2.2.4
Accident costs

Input data regarding number of accidents, injuries and fatalities per mode of transport were collected from Ministerio de Fomento (1997, 1998). This input data is shown in Tables 17-18. In addition, accident costs have five components: material damage costs; medical costs;  administrative costs; costs due to production losses; and, the costs of suffering and grief (risk value). Detailed data on these type of costs was not available for the UNITE basic years 1996 and 1998, for this reason the input data for these cost components are based on a study by TEMA (1994) which estimates accident costs of different transport modes in Spain for 1991. Table 19 summarises its results.

Table 17
Basic input data for estimating accident costs: 
Rail, maritime and air transport modes

	
	1996
	1998
	2005

	RAIL 1)
	
	
	

	Number of accidents
	216.3
	215.4
	180.5

	Number of fatalities
	56.8
	50.4
	45.4

	Number of injuries
	106.8
	126.2
	85.3

	MARITIME 1)
	
	
	

	Number of accidents
	441.0
	479.8
	684.9

	Number of fatalities
	43.6
	41.0
	51.2

	Number of injuries
	43.2
	34.2
	15.0

	Number of missing persons 
	58.0
	58.4
	50.5

	AIR TRANSPORT 1)
	
	
	

	Number of accidents
	10.5
	10.5
	10.5

	Number of fatalities
	17.5
	17.5
	17.5

	Number of injuries
	2.2
	2.2
	2.2

	1) Figures reported are five year average values

Source: Ministerio de Fomento, 1997, 1998.


Table 18
Basic input data for estimating road accident costs
by type of network and victim

	Road type
	1996
	1998

	INTERURBAN ROADS
	
	

	Number of accidents
	37 434
	44 388

	Fatal1)
	3 295
	3 567

	With injuries
	34 139
	40 821

	Number of victims
	66 718
	77 679

	Fatalities
	4 464
	4 811

	Pedestrians
	504
	492

	Drivers
	2 583
	2 898

	Passengers
	1 377
	1 421

	Injuries
	62 254
	72 868

	Pedestrians
	1 603
	1 742

	Drivers
	34 061
	40 879

	Passengers
	26 590
	30 247

	URBAN ROADS
	
	

	Number of accidents
	48 154
	53 182

	Fatal1)
	747
	752

	With injuries
	47 407
	52 430

	Number of victims
	62 922
	69 655

	Fatalities
	1 019
	1 146

	Pedestrians
	456
	503

	Drivers
	434
	490

	Passengers
	129
	153

	Injuries
	61 903
	68 509

	Pedestrians
	11 386
	11 295

	Drivers
	36 027
	41 426

	Passengers
	14 490
	15 788

	TOTAL
	
	

	Number of accidents
	85 588
	97 570

	Number of victims
	129 640
	147 334

	1) An accident is considered as fatal when the decease occurs in 24 hours time.

Source: Ministerio de Fomento 1997, 1998.


Table 19
Basic input data for estimating accident costs: € million 1991


	
	ROAD
	RAIL
	AIR
	MARITIME

	MATERIAL COSTS
	
	
	
	

	Vehicle damages
	1 749.91
	26.25
	11.20
	83.82

	Goods´ damages
	33.21
	2.73
	10.68
	17.60

	TOTAL
	1 783.12
	28.99
	21.88
	101.42

	MEDICAL COSTS
	
	
	
	

	Hospital costs
	121.04
	0.66
	0.01
	0.10

	Funerary costs
	23.82
	0.76
	0.20
	0.13

	TOTAL
	144.86
	1.42
	0.21
	0.23

	ADMINISTRATIVE COSTS
	
	
	
	

	Police costs
	45.08
	:
	:
	:

	Insurance costs 1)
	:
	:
	:
	:

	Judiciary costs
	included
	0.37
	:
	:

	TOTAL
	45.08
	0.37
	:
	:

	PRODUCTION COSTS 2)
	
	
	
	

	Net production costs
	1 664.03
	42.20
	11.05
	19.19

	TOTAL COSTS EXCLUDING RISK VALUES
	3 637.09
	72.98
	33.14
	120.84

	1) Although this study includes insurance costs it refers mainly to producer costs, which lies outside the UNITE criteria for the accident account.

2) Production costs can be computed in gross or net terms. The victims’ consumption not spent is deducted from gross production costs to compute the net production costs.

Source: TEMA Consultores, 1994.


2.2.5
Environmental costs

For the purposes of UNITE, the following types of environmental cost are relevant:

· Air pollution

· Global warming

· Noise

· Nature, landscape and soil and water pollution

· Nuclear risk

Available data allow calculation of environmental costs for air pollution, global warming and noise. No data was available for the last two components of environmental costs (nature and nuclear risk).

The input data was used for cost calculations based on the ExternE methodology

· with the EcoSense computer model for airborne pollutants, 

· with shadow values for greenhouse gas emissions, and

· with new exposure-response functions and monetary values for noise.

2.2.5.1
Airborne emissions

The emissions due to the operation of internal combustion engines and the fuel production of electricity for electric traction were provided by the country account leaders.

Beside these emissions from the operation of a vehicle or vessel and the production of traction electricity the emissions due to the provision of the respective fuels was considered. The emission factors for crude oil extraction, refining and transport of petrol, diesel and kerosene are given in Table 20. The table as well gives the factors for extraction, transport and (where applicable) refinery of Coal, Lignite, Oil and Gas.

Table 20
Emissions caused by fuel production processes

	Type of emission
	Unit
	CO2
	PM10
	NOx
	SO2
	NMVOC

	Emissions caused by the production of 
	g/kg fuel
	
	
	
	
	

	Petrol
	
	560
	0.105
	1.10
	1.90
	1.80

	Diesel; Kerosene
	
	400
	0.047
	0.96
	1.40
	0.62

	Emissions caused by extraction, transport and refinery of
	mg/kWhel
	
	
	
	
	

	Coal
	
	34 000
	3.5
	44.4
	38.1
	n.a.

	Lignite
	
	31 900
	3.1
	50.6
	13.8
	n.a.

	Oil
	
	67 000
	48.9
	170.4
	404.3
	n.a.

	Gas
	
	14 800
	17.9
	69.3
	3.25
	n.a.

	Source: Production of petrol and diesel: Friedrich and Bickel (2001) for PM10, IFEU (1999) for other pollutants. Provision of power plant fuels: European Commission (1999b)


2.2.5.1.1
General data for the calculation of costs due to air pollution

Besides the emissions of the transport modes in the different countries, a large number of additional information was required for the cost calculations. This includes data on the receptor distribution, meteorology, and on the background emissions from all sources in all European countries. Such data is available in the EcoSense database and is briefly described in Table 21.

Table 21
Environmental data in the EcoSense database

	
	Resolution
	Source

	Receptor distribution
	
	

	Population
	administrative units, EMEP 50 grid 
	EUROSTAT REGIO Database,
The Global Demography Project

	Production of wheat, barley, sugar beat, potato, oats, rye, rice, tobacco, sunflower
	administrative units, EMEP 50 grid 
	EUROSTAT REGIO Database, 
FAO Statistical Database

	Inventory of natural stone, zinc, galvanized steel, mortar, rendering, paint
	administrative units, EMEP 50 grid 
	Extrapolation based on inventories of some European cities

	Critical Loads/Levels for nitrogen-deposition for various ecosystems 
	EMEP 150 grid
	UN-ECE

	Meteorological data
	
	

	Wind speed
	EMEP 50 grid
	European Monitoring and Evaluation Programme (EMEP)

	Wind direction
	EMEP 50 grid
	European Monitoring and Evaluation Programme (EMEP)

	Precipitation
	EMEP 50 grid
	European Monitoring and Evaluation Programme (EMEP)

	Emissions
	
	

	SO2, NOx, NH3, NMVOC, 
particles  
	administrative units, EMEP 50 grid
	CORINAIR 1994/1990, EMEP 1998

TNO particulate matter inventory (Berdowski et al., 1997)


	Source: IER.


Receptor data

· Population data
Population data was taken from the EUROSTAT REGIO database (base year 1996), which provides data on administrative units (NUTS categories). For impact assessment, the receptor data is required in a format compatible with the output of the air quality models. Thus, population data was transferred from the respective administrative units to the 50 x 50 km2 EMEP grid by using the transfer routine implemented in EcoSense.

· Crop production
The following crop species were considered for impact assessment: barley, oats, potato, rice, rye, sunflower seed, tobacco, and wheat. Data on crop production were again taken from the EUROSTAT REGIO database (base year 1996). For impact assessment, crop production data were transferred from the administrative units to the EMEP 50 x 50 km2 grid.

· Material inventory
The following types of materials are considered for impact assessment: galvanised steel; limestone; mortar; natural stone; paint; rendering; sandstone; and, zinc. As there is no database available that provides a full inventory of materials, the stock at risk was extrapolated in ExternE from detailed studies carried out in several European cities. 

Meteorological data

The Windrose Trajectory Model requires annual average data on wind speed, wind direction, and precipitation as an input. The EcoSense database provides data from the EMEP for the base year 1998.

Emission data

Pollutants input data come from the CORINAIR 1996 inventory (Ministerio de Medio Ambiente, 2000). For the case of railways this information is complemented by RENFE (2000). In both sources the data on fine particles (PM) was missing, for this reason environmental cost results will be underestimated. Table 22 presents energy consumptions levels by mode of transport, while Table 23 shows direct transport emissions for year 1996, which was the reference year for data available. For the case of air transport pollutant emissions for take-off and landing cycles are the basis for calculation of environmental cost. Only CO2 emissions for cruising flights were additionally considered. 

Table 22
Energy consumption by the transport sector in Spain- 1996

	
	Fuel consumption 
(thousand tonnes)

	Road transport
	

	Petrol
	9 093

	Diesel
	11 179

	Total
	20 272

	Rail transport1)
	

	Diesel traction
	87.7

	Electric traction 2)
	1 849

	Air transport
	3 297

	At airports
	395

	Flights
	2 902

	1) Including only RENFE. . 2) GWh of electricity.

Sources: Ministerio Medio Ambiente (2000) and RENFE (2000)


Table 23
Direct transport emissions in Spain 1996

	
	NOx
tonnes
	SO2
tonnes
	NMVOC
tonnes
	CO2
thousand tonnes
	CH4 tonnes
	CO 

tonnes
	N2O tonnes
	NH3 tonnes

	Road transport
	
	
	
	
	
	
	
	

	Motor cycles
	880
	664
	43 704
	1 015
	1 401
	211 326
	16
	16

	Passenger cars
	336 170
	24 094
	167 944
	34 760
	8 234
	1 693 651
	3 066
	2 767

	LGV
	61 044
	8 151
	9 989
	8 738
	402
	131 435
	455
	89

	HGV and buses
	177 058
	19 002
	36 884
	19 509
	1 615
	307 804
	751
	81

	Total
	575 152
	51 911
	258 521
	64 022
	11 652
	2 344 216
	4 288
	2 953

	Rail transport
	
	
	
	
	
	
	
	

	Diesel traction
	3 960
	467
	465
	314
	18
	1 070
	124
	.

	Electric traction
	2 985
	14 685
	61
	842
	5
	130
	13
	.

	Total
	6 945
	15 152
	526
	1 156
	23
	1 200
	137
	.

	Air transport
	
	
	
	
	
	
	
	

	At airports1)
	4 544
	394
	1 141
	1 243
	127
	4 280
	39
	.

	Flights
	.
	.
	.
	9 143
	.
	.
	.
	.

	1) Take-off and landing cycles are considered.

Sources: Ministerio Medio Ambiente (2000) and RENFE (2000)


2.2.5.2
Global warming

The input data for the calculation of the costs of CO2 are based directly on the level of CO2 emission given in the previous section for all modes of transport. The monetary values used for cost calculation are described in chapter 3.

2.2.5.3 Noise
Data on noise generated by transport in Spain were collected from a study by IWW/INFRAS (1995). Table 24 presents basic input data for year 1995.

Table 24
Population exposed to road, railway and aviation noise -1995

	Noise level

dB(A)
	Road
	Rail
	Aviation

	
	Mill. inhabitants
	Mill. inhabitants
	Mill. inhabitants

	55-60
	7.35
	1.42
	0.46

	60-65
	4.83
	0.86
	0.33

	65-70
	2.80
	0.39
	0.14

	70-75
	0.84
	0.14
	0.06

	>75
	0.24
	0.06
	0.04

	Total
	16.06
	2.87
	1.03

	Source:  IWW/INFRAS (1995)


2.2.6 Taxes, charges, subsidies

Table 25 gives an overview of the data used. Regarding taxes, detailed data was available for the road transport sector, although taxation revenues arising from fuel duty and VAT on fuel had to be estimated. Rail, air transport and maritime are exempted from paying taxes on fuel. In addition, air and maritime transport are also exempted from paying vehicle registration taxes. Data about other types of taxes for these modes of transport was not available. Sales taxes (VAT) were not considered because the rate of taxation was similar to the standard one (16%). Finally, for the transport sector there are no earmarked taxes in Spain

For charges, input data on infrastructure charges was obtained either from operators or official statistics. In the case of railways such charges were not in place for year 1998, and it is not clear if they will be implemented in the near future. Input data for other types of charges revenues (e.g. vignette) was not available.

All information with respect to subsidies was collected from official sources (IGAE, 1999). Although data for year 1996 was available, subsidies for year 1998 had to be estimated. However, IGAE did not distinguish subsidies for public transport which were reported jointly with total road subsidies. For this reason public transport data on subsidies were estimated based on INE (1997). Revenue tariffs, for the case of public transport (urban buses and metro) and railways, were estimated by using original revenue data in INE (1997) as well.

Table 25

Input data for taxes, charges and subsidies

	
	Input data
	Level of disaggregation
	Quality of data, level of uncertainty

	Road
	TAXES

Vehicle registration tax: AEAT (1996 1998 )

Circulation tax: Ministerio de Economía y Hacienda (1996, 1998). Fuel duty: own estimate for 1996. 1998 data from AEAT (1999). VAT on fuel duty: own estimate

CHARGES

Tolls: Ministerio de Fomento (1997, 1998)

Vignettes and insurance: no data available 

SUBSIDIES: 

To private concessionaires of roads: IGAE (1999). Other subsidies: no data available
	None
	Good data. Only minor charges and subsidies are missing.

	Rail
	TAXES

Exempted or no data available

CHARGES

Infrastructure charges: not applicable

Insurance: no data available

SUBSIDIES

IGAE (several years). Own estimate for 1998.

REVENUE TARIFFS

Own estimate based on INE (1997)
	None
	Good data. Only minor taxes and charges are missing. Good quality estimate for 1998 level of subsidies. For capital subsidies is not clear if infrastructure subsidies are included.

	Public Transport
	TAXES

Vehicle registration tax: exempted. Circulation tax: no data available. Fuel duty: own estimate. VAT on fuel duty: own estimate

CHARGES

Tolls: no data available for public transport. Included in the figure of tolls for road.

Vignettes and insurance: no data available

SUBSIDIES

Own estimate based on INE (1997)

REVENUE TARIFFS

Own estimate based on INE (1997)
	Buses and metro
	Data on taxes, subsidies and revenue tariffs estimated. Average level of uncertainty. No data on charges.

	Air
	TAXES

Exempted or no data available

CHARGES

Infrastructure charges: Ministerio de Fomento (1996,1998)

Insurance: no data available

SUBSIDIES

IGAE (several years). Own estimate for 1998.
	None
	Good data. Only minor taxes missing. Good quality forecast for 1998 level of subsidies.

	Maritime
	TAXES

Exempted or no data available

CHARGES

Infrastructure charges: Ministerio de Fomento (1996, 1998)

SUBSIDIES

IGAE (several years). Own estimate for 1998.
	None
	Good data Only minor taxes missing. Good quality estimate for 1998 level of subsidies.

	Source: EIET


3
Methodological issues

The methodology used in developing the UNITE pilot accounts has been documented in Link et al. (2000). In this annex report on the Spanish pilot accounts we will only summarise the methodology as far as it is necessary to understand and interpret the accounting results. We will focus on changes from the general methodology developed in Link et al. (2000) and on the methods used to obtain predicted values for 2005.

3.1
Methodology for estimating infrastructure costs

Infrastructure costs contain capital costs (depreciation and interests) for new investments and for replacement of assets on one hand and running costs for maintenance, operation and administration/ overheads on the other. The basis for estimating capital costs is the value of capital stock. Several methods to quantify the capital stock are described in Link et al. (2000). 

For the Spanish pilot accounts the perpetual inventory method (see box 1 for a summary description) was applied for all modes for which sufficiently long and homogeneous time series on investments were available.  Since it was not possible to disaggregate the investment information on different assets within each mode, the methodology applied is to assume average life expectancies.  Thus, its is considered that road and rail assets have a life of 40 years, 50 years for sea harbours, and 20 years for airports.

As far as the UNITE accounting year 1996 is concerned, the methodology followed is essentially the same as for 1998, i.e., carrying out separate model runs with the perpetual inventory model to calculate capital stocks and derive capital costs.

Forecasts for 2005 were produced by considering annual average expected investments for all modes, according to an infrastructure plan prepared by the Ministry of Transport for the period 2000-2007 (Plan de Infraestructuras).  Running costs were simply extrapolated from 1998 to 2005 considering forecasts on transport volumes.

Box 1
The perpetual inventory model used for the Spanish pilot accounts

	The main idea of the perpetual inventory concept, a concept which is used by most OECD-countries for estimating the capital stock of industrial branches, is to capitalise time series of annual investment expenditures by cumulating the annual investments and by subtracting the value of those assets which exceeded their life-expectancy (written down assets) as expressed in the equations below:

VG t+1 =  VG t + It,t+1 - At,t+1
(1)

VN t+1 =  VN t + It,t+1 - Dt,t+1
(2)

with: 
VG t
:
Gross value of assets at time t


VN t
:
Net value of assets at time t


It,t+1
:
Investments during t, t+1


At,t+1
:
Written down assets during t, t+1 (assets which exceeded life-expectancy)


Dt,t+1
: 
Depreciation during t, t+1

As shown in these formulas the perpetual inventory method can be applied for estimating the gross value (gross concept) and the net value (net concept) of infrastructure assets. The gross value contains the value of all assets which still exist physically in the considered year, e.g. which have not yet exceeded their life expectancy. Thus, At,t+1 denotes those assets which could not be used any longer or which were shut down. It is assumed that the assets are properly maintained and can be used until they exceed their defined life-expectancy. 

Within the net-concept the annual depreciation Dt,t+1 are considered. The net value of assets describes the time-value of all assets which have not yet exceeded life-expectancy. According to the international conventions of the System of National Accounts (SNA) see for example UN (1993), most countries use a linear depreciation method. 

The general principle as described above can be refined by more sophisticated approaches which use probability functions for the written down assets. In contrast to simple perpetual inventory models, the refined models assume that the life expectancies of assets within an investment vintage are dispersed over the mean value. A probability function, the so-called survival function, is estimated, which describes the share of assets which are still in use. 

The perpetual inventory model requires in general long time series on annual investment expenditures, information on life expectancies of assets, and initial values of the capital stock (except when the investment time series is as long as the life expectancy). Due to the fact that the use of probability functions in the refined concept implies that not single assets but technically homogeneous groups of assets (earthworks, bridges/tunnels, terminal buildings, pavement and equipment) are considered, investment time series for asset groups (for example pavement, tunnels/bridges, equipment) have to be available. 

For the case of Spain, this detailed information is not available for historical investment series, therefore the simple perpetual inventory model has been applied.

Source:  DIW


3.1.1
Road

Core year 1998 and 1996: Capital stock and capital costs were obtained from the perpetual inventory model. Running costs were taken from MOT official figures (Ministerio de Fomento).  These latter costs are not available in disaggregated form, so it was not possible to allocate them by different types of roads. 

Forecast methodology for 2005:  Capital stock and capital values were calculated by using the perpetual inventory model. For information on the period 2000-2005, investment series used in the calculations are based on a multi-annual plan prepared by the MOT (Plan de Infraestructuras 2000-2007), for the completion of the Spanish high capacity road network along the main corridors.  This plan also contains some other improvements at a number of road bottlenecks, which have been identified as creating serious congestion problems.

3.1.2
Rail

Core year 1998 and 1996: Capital stock and capital costs were calculated by using the perpetual inventory model on historical investment series from 1955-1998.  Running costs are estimated from RENFE business accounts, by assuming that all costs allocated by the company to its unit in charge of maintenance are infrastructure maintenance costs.  Probably, some of the works of this unit from RENFE might relate to rolling stock maintenance, but it is impossible to separate them.  Instead, we provide the total figure, on the knowledge that it could be slightly overestimated.  

On the other hand, data for running costs refers only to RENFE, because the regional railway operators did not provide that information.  Although the major share of Spanish rail infrastructure is owned by RENFE, there is a part of running costs that is missing from our estimates.

Forecast methodology: Capital stock and capital costs were calculated by using the perpetual inventory concept over the expected rail investments according to the MOT plan for the period 2000-2005.  Running costs are evaluated by extrapolating the trend of total operating expenses of RENFE, and assuming that the share of running costs over total will remain stable between 1998 and 2005.  Running costs have been falling during the late 1990s in real terms, therefore it is considered that further efficiency improvements will be difficult to achieve, unless major changes are introduced in the organization of the national railway operator RENFE.

3.1.4
Public transport infrastructure: metro

Series of historical investment for metro infrastructure (the only relevant public transport mode in Spain in terms of significant infrastructure needs) are not considered to be sufficiently homogeneous to apply the perpetual inventory model.  Therefore, it has been decided to leave public transport out of the estimation of infrastructure costs. 

The other public transport modes (urban and interurban buses) make use of basic infrastructure already included in the road account.

3.1.5
Aviation infrastructure

Core year 1998 and 1996: Capital stock and capital costs were calculated with the perpetual inventory model, as in other modes.  Investment series exist back from 1955, and they can be regarded as of high quality.

Air transport infrastructure is provided in Spain by the public entity AENA (Aeropuertos Españoles y Navegacion Aerea).  This institution is responsible both for the running of all main airports, and for the provision of air traffic control and air navigation aids.  Economic data from AENA has been used to estimate infrastructure running costs.  This task has been relatively complex, because AENA provides some detail about airports’ costs, from which it was possible to obtain maintenance costs.  However, for the part of air navigation control, data is much more scarce.  Total running cost figures presented here are the sum of airports’ and ATC’s maintenance costs, with the second part having been obtained from own estimates.  

It must be noted that AENA figures for personnel costs are aggregated into a single item for all personnel categories.  Therefore, probably there exist some maintenance personnel whose wages and salaries are not reflected in our estimations of airport running costs.  Figures provided can be consequently biased to be somewhat lower than real infrastructure maintenance costs.

Forecast methodology for 2005:  The MOT 2000-2007 investment plan contemplates the expansion of some Spanish airports.  Expected volumes of investment have been reported, and constitute the base to apply the perpetual inventory model. 

To estimate running costs, the methodology used is the same as in rail.  Total AENA expenses for 2005 are calculated by extrapolating the observed trend during the last years.  To the resulting figure, we apply the percentage representing the share of maintenance costs over total operating expenses of AENA in 1997.

3.1.6
Waterborne transport (seaports)

Core year 1998 and 1996:  The perpetual inventory model was again used for calculating capital stock and capital costs for seaports.  Investment series are regarded also for this mode as of high quality.  In Spain, the organization of main seaports is centralized: there is a public agency (Puertos del Estado) who coordinates the activities of port authorities from all ports owned by the State, which are the vast majority.  Port investments are proposed by each port authority, but must be approved and coordinated by the MOT through Puertos del Estado.  As a consequence, statistics for the port sector are homogeneous and comprehensive.

Port infrastructure maintenance has nevertheless been relatively difficult to estimate.  As in the case of air transport, statistics from Puertos del Estado summarises cost items directly related to maintenance and repairs of infrastructure assets.  However, the cost of personnel employed in those activities is not reported there, but jointly with wages of all other employees.  Our estimates, as in the case of air transport, are then suspected to be lower than real because of that reason. 

Forecast methodology:  As in the other modes, the MOT has plans for ports’ investments for the following year, thus facilitating the applicability of the perpetual inventory model to estimate capital stock and capital costs for 2005.  Running costs are again forecasted based on the observed trend for total operating expenses for the complete network of main Spanish ports.

3.2
Methodology for estimating supplier operating costs 

For the UNITE pilot accounts it was decided to calculate supplier operating costs only for transport modes where the revenues from the transport users do not cover the costs of the supplier. This is mainly true for public transport and rail transport and is considered to be core data for these transport modes. 

3.2.1  Rail transport

For rail transport, supplier operating costs are relatively easy to identify, because the number of companies is small. RENFE, the national carrier, is the main provider of passenger services, and almost the exclusive provider of rail freight services.  The rest of companies are smaller regional operators, and the survey from INE (1997) collected cost information from all of them.

Since INE (1997) is the best available source of information, the methodology to estimate 1998 costs is to calculate unit costs per passenger-km for each cost category (personnel, energy, and so forth), using 1997 data.  Information on output levels is available for 1998, so it is possible to estimate costs for each item based on the 1997 unit costs.  None of the six Spanish rail operators has experienced during this period any significant variation on their levels of activity, therefore it is considered that unit costs for each cost category will have remained stable over time.

Year 1996: The 1996 cost values were calculated exactly as those of 1998, based on the unit costs calculated with 1997 data, and using the growth rate of output (total passenger-km) between 1996 and 1997.

Forecast methodology: RENFE is expected to continue as the main rail operator in Spain, and although some changes are foreseeable in the future (elimination of legal monopoly, real separation between infrastructure and transport services), in the horizon of 2005 is likely that the company will have the same cost structure.  Perhaps only some personnel reduction could affect that cost item, but the rest will probably not suffer significant variations.  For the other regional operators, it is more difficult to predict their situation for 2005.  However, it is not expected that any of them will expand or cut significantly their services.

Based on this assumption, we have produced some cost estimates for 2005 for rail supplier operating costs.  The methodology used has been to extrapolate trends from the evolution over time of output, and apply to the expected volumes of traffic for 2005 the unit costs calculated in 1997. It must be noted, however, that we consider the results only as rough estimates for 2005 costs. Forecasted values rely on companies’ cost structures remaining stable over time. 

3.2.2
Public transport

Although transport activities included in the category of public transport for the case of Spain are metro services, urban buses and interurban buses, the latter category is excluded from the calculation of supplier operating costs.  The reason is that information for this segment is only available at an aggregated market level.  In the market of interurban buses there are different types of services:  regular routes, school buses, services to companies, and tourist services.  As described in section 2, only some bus companies operating in this market receive subsidies from the public sector (basically, some regular services).  Since it is not possible to separate subsidised firms from the rest, it has been opted for leaving out that segment of services from the computation of supplier operating costs.

The basic source of information for metro is INE (1997), which collected information from the three companies providing services in Spain (Madrid, Barcelona and Bilbao).  The methodology to estimate 1998 costs is similar to the one used for railways.  Unit costs are calculated for 1997 for each cost category, and afterwards used to estimate 1998 costs based on output growth between the two periods.

For urban buses, the methodology is also based on unit costs.  The degree of cost disaggregation offered in INE (1997) is rather limited, so data from a 1992 survey (De Rus and Nombela, 1997) was considered to be preferable as most representative of urban bus companies’ cost structures. Thus, unit costs per cost category used to estimate 1998 costs for urban buses are from 1992, instead of 1997 (as done for railways and metro services).

Year 1996:  Supplier operating costs for this year are calculated as those of 1998, based on unit costs of reference and information on volume of outputs.

Forecast methodology:  As in the case of rail transport, it was possible to produce some predictions for operators’ costs for 2005, but we regard the results only as rough estimates.  The methodology is to forecast output levels (pax-km) for each mode, and apply to them the unit costs of reference.

3.3
Methodology for estimating delay costs due to congestion

Core year 1998: The UNITE methodology defines congestion costs as the sum of those time and operating costs perceived by transport users which exceed average time and operating costs. Users are defined as the users of traffic infrastructure in individual and private commercial motorised road traffic (including passengers and drivers of cars and motorcycles and road hauliers) and of passengers and shippers (represented by units of cargo) in public passenger and freight transport. 

Congested traffic conditions or late arrivals are defined per mode, taking into consideration characteristic fluctuations in travel time and the system-specific consequences of delays. In general, the UNITE approach values late arrivals rather than late departures or longer in-vehicle travel times in public transport. This is the criterion followed for all modes, except for air transport, where departure delays are considered to be more representative than arrival delays to estimate the problems suffered by users of Spanish airports.  Nevertheless, detailed information on air flight delays for departures and arrivals shows very similar patterns for both types of delays. Delay lengths are also almost the same on average when arriving flights are contrasted to departing flights.

Time and operating costs spent under delayed or congested conditions are estimated by using normal or acceptable travel times and operating costs in order to obtain a value of extra time and other resources lost by the users. For all road modes, acceptable traffic conditions are defined by off-peak travel speeds and the related operating costs, while for rail and air traffic punctuality indexes are used. The valuation of delays or extra travel time costs is restricted to serious delays. Small delays or simply disturbed traffic are considered to be normal attributes of traffic systems. 

To establish a basis for the UNITE cost valuations, state of the art research studies for the value of time (VOT) were reviewed and are summarised in Nellthorp et al. (2001). The monetary value for travel time delays considers the factor costs given in Nellthorp et al. 2001 by travel purpose and mode, adapted to the level of income and indirect taxation of Spain. The specific perception of delayed journeys in passenger transport is recognised by increasing time costs by 50% in all modes.

One limitation of the congestion costs evaluated for the Spanish accounts is the lack of information on the shares of trip purposes.  The adopted solution has been, in general, to transfer those shares from studies used for the German case, except for air transport where the large percentage of business travellers (39%) was not considered to be representative for the Spanish case.

Delay cost information does not form part of the data included in the UNITE core section of the accounts. It relates to costs that are internal to transport users as a group, and is therefore classified as supplementary data only.

Year 1996:  For each mode, the mix of travel purposes considered for 1998 is used as the reference for 1996, respectively . Values of time were calculated for each mode according to UNITE conventions for the case of Spain, and reduced by 8.5% according to the assumption of an income elasticity equal to one, and the evolution of GDP between 1996 and 1998.

Fuel prices could be accurately measured for 1996, for all types of fuel relevant to transport modes (gasolines of several quality levels, and diesel).  In real terms, there was a slight reduction in energy prices between 1996 and 1998 for the case of Spain.

For road transport (private cars, interurban buses and freight), there are almost no changes in the basic input data used to estimate 1996 congestion costs.  The bottlenecks identified by the Ministry of Transport in 1999 are used as the main reference, as in 1998.  Values for 1996 are computed simply by considering the actual volumes of traffic on those road sections, and their respective mix of vehicles.  The mix of fuel types used changed slightly between the two periods, which has an effect on the final average price per litre used to compute our results.  The percentage of diesel cars has been rising recently in Spain, from 16.2% of total private cars in 1996 to 21.0% in 1998.

In rail passenger transport, punctuality indexes are available for 1996 for passenger services and freight.  These are used to calculate congestion costs for this mode, applying the same methodology as in 1996.  Between the two periods of reference, an improvement is generally observed.  Passenger services’ punctuality increased from an average of 97.5% to 98.2%.  For rail freight transport, the improvement is more remarkable, from 81.6% in 1996 to 93.2% in 1998. Table 26 presents detailed information on delays experienced by the six categories of services provided by RENFE.

For air passenger and freight transport, there is no information about delays for 1996.  Therefore, the solution adopted has been to consider the same probability of flight delay and length of delays as in 1998, and compute the corresponding passenger- and cargo-hours from the traffic level in 1996. 

Table 26
Volumes of traffic and punctuality indexes of train services in Spain 
(RENFE), 1996 and 1998

	
	1996
	1998

	
	Number of trains
	Punctuality 
Index
(%)
	Number of trains
	Punctuality 
Index
(%)

	Passenger services
	
	
	
	

	Commuting
	965 940
	98.4
	975 859
	99.0

	Regional
	206 680
	94.7
	220 584
	96.1

	Long-Distance
	110 568
	94.0
	111 528
	95.4

	High-Speed
	20 342
	99.8
	23 414
	99.7

	Cargo services
	
	
	
	

	General cargo
	152 146
	82.0
	158 877
	93.5

	Containers
	32 821
	79.6
	36 671
	91.9

	Source: RENFE (1998)


Methodology to obtain forecasts for 2005: 

For all modes studied, values of travel time were transferred from 1998 to 2005 using the common rules laid down in Nellthorp et al. (2001). Assuming an income elasticity equal to one, expected economic growth rates are applied to VOT values used for 1998.  An average annual GDP growth rate of 2% between 1998 and 2005 results in a global increase in income of 15%.  This rate is applied to update VOT for 2005.  Meanwhile, shares of trip purposes are maintained constant between the two periods.

For road transport, new planned investments in infrastructure are expected to ease congestion problems for some of the road sections included in our sample.  However, there are no precise figures about this expected improvement in terms of reduction of vkm performed under congestion.  The assumption used here is that the sample or road sections experiencing flow difficulties in 1999 (date of reference for latest official studies on congestion) will be approximately the same.  However, investments will achieve a 12.5% reduction in total vkm performed under congestion.  On the other hand, total traffic volumes will grow at 3.2% per year between 1998 and 2005, according to expectations about general economic growth and the relationship between economic activity and traffic flows.

For railways, each type of service provided by RENFE is analysed separately, to study its corresponding trend between 1993 and 1998.  Based on those trends, linear growth models are used to produce forecasted values for the volume of traffic for 2005.  Punctuality indexes applied to the expected number of trains for each type of services are maintained at the 1998 levels, and also for the average number of passengers per train and cargo per train, which are provided by RENFE’s own estimates. 

A similar strategy is followed to produce forecasts for air transport.  The analysis for each of the six main airports of the evolution of total volume of passengers and cargo produced estimated equations to predict the expected volumes for 2005.  Punctuality indexes and average delays are maintained at 1998 levels. 

Finally, fuel prices are probably the variable more difficult to estimate for 2005.  The procedure used to evaluate in monetary terms the congestion costs for the future year of reference has been the extrapolation of trends observed in gasoline and diesel prices during the 1991-1999.  The results of the estimated equations show a slight increase in the price of unleaded 97 octane gasoline (in real terms), a small reduction for unleaded 95 octane gasoline, and a relatively larger rise in the price of gas-oil (from € 0.56 in 1998 to € 0.59 in 2005, in constant values).

3.4
Methodology for estimating accident costs 

The methodology applied here follows the recommendations from Doll et al. (2000). Material damages, medical costs, administration costs, production losses and the valuation of the risk associated with the use of transport are the subcategories used for the evaluation of accident costs. In particular, production losses represent an estimation of the losses to the national economy due to replacement costs, lost output of employed persons and lost non-market production (e.g. domestic work) resulting from accidents. Production losses are computed in net terms, that refers to the current and future loss of the total production potential of the national economy due to people injured or killed in traffic accidents reduced with the current and future consumption of the injured or killed person. All valuations are documented in the publication “Valuation Conventions for UNITE” Nellthorp et al. (2001).

Accident costs are divided into internal and external accident costs. External accident costs are those costs imposed by transport users on agents outside the transport sector. Hence ‘internal costs’ embrace all costs borne by the individual transport user (e.g. damages to property not covered by insurance companies and the risk associated with using transport) and costs borne by the community of transport users (including all costs covered by traffic insurance companies). 

External costs are administrative costs for police services, legal costs, medical treatment costs not covered by traffic insurance companies, and production losses. Due to the scarce existent data, it was not possible to divide medical costs into internal and external costs, and thus this cost component was considered to be fully external. The remaining internal costs therefore comprise only the costs of material damages and the risk value. Risk value is considered to be internal for the purposes of UNITE. This means that we implicitly assume that accident risks are fully anticipated by individuals when they decide to take part in transport. External accident costs are considered to be core data, while internal accident costs, because the costs are borne by the transport users and not by society as a whole, are considered to be additional information only.

Due to lack of data on accident costs, all calculations except for the risk value component, rely completely on a study carried out by TEMA (1991). As a first step, average costs per victim are calculated. Afterwards, these values are extrapolated to years 1996 and 1998 by using the corresponding data on number of victims. Finally, costs values are translated into 1998 euros after adjusting by inflation. No forecasts have been computed for year 2005. The reason is the lack of a reliable basis to forecast the number of victims, besides the inadequacy of using for 2005 some costs values which date back from 1991. Even though it would be feasible to adjust those values by expected inflation, it is considered that the lapse of time 1991-2005 is too long to assume that accident costs have not changed substantially. Average accident costs per victim (1991 data) are shown in Table 27.

Table 27
Average accident costs in Spain . Year 1991
- in 1998 thousand € per victim –

	
	ROAD
	RAIL
	AIR
	MARITIME

	MATERIAL COSTS 1)
	
	
	
	

	Vehicle damages
	14.79
	66.26
	170.87
	470.10

	Goods’ damages
	0.28
	6.90
	162.98
	98.73

	TOTAL
	15.07
	73.16
	333.85
	568.83

	MEDICAL COSTS 2)
	
	
	
	

	Hospital costs
	1.07
	3.62
	0.66
	1.56

	Funerary costs
	4.60
	3.55
	13.43
	3.47

	TOTAL
	5.67
	7.17
	14.09
	5.03

	ADMINISTRATIVE COSTS 1)
	
	
	
	

	Police costs
	0.38
	:
	:
	:

	Insurance costs
	:
	:
	:
	:

	Judiciary costs
	Included
	:
	:
	:

	TOTAL
	0.38
	:
	:
	:

	PRODUCTION COSTS 1)
	
	
	
	

	Net production costs
	14.07
	106.50
	168.67
	107.63

	TOTAL COSTS EXCLUDING RISK VALUES
	35.19
	186.82
	516.62
	681.49

	1) Victim defined as fatalities plus injuries, It also includes missing persons for the maritime mode of transport. 

2) Victim defined as injuries for hospital costs and as fatal for funeral costs. 

Source: TEMA Consultores, 1994.


· The Risk Value was set according to UNITE valuation conventions: 

· € 1.21 million for fatalities.

· 13% of € 1.21 million = € 157 300 for severe injuries. 

· 1% of € 1.21 million = € 12 100 for slight injuries. 

These values were applied to year 1998 directly, whilst 1996 values were adjusted by assuming that values grow with real incomes, based on an elasticity of 1.0. As available data did not distinguish by degree of severity of injuries we made the assumption that one third were severe injuries and two thirds were slight injuries. Risk values for relatives and friends were not considered. For the UNITE accounts, the risk value is considered to be fully internal.

3.5
Methodology for estimating environmental costs 

For the estimation of environmental costs, five subcategories have been developed. These are: air pollution; global warming, noise; costs due to environmental impacts on nature, landscape, soil and ground water; and, finally the valuation of the risk associated with nuclear energy production. The first three of these subcategories (air pollution, global warming and noise) are core data, the remaining categories are additional data. For all modes the methodology applied is explained below. For the case of public transport (buses only), costs were computed once environmental cost were obtained for the road mode. By using the average cost per vehicle kilometre, this was multiplied by number of vehicle kilometres performed by buses.

3.5.1
Air pollution

3.5.1.1 General Approach
For quantifying the costs due to airborne pollutants the Impact Pathway Approach, the methodology developed in the ExternE project series, was applied. A detailed description of the approach can be found in European Commission (1999a). The impact pathway approach utilises the following steps: emission estimation, dispersion and chemical conversion modelling, calculation of physical impacts and monetary valuation of these impacts.

The ideal approach, which was applied in the case of Germany and Swiss accounts, is to use emission inventories in spatial disaggregation (i.e. a geo-coded data set for the different air pollutants) for the calculation of the costs of direct emissions from vehicle operation. As such detailed data was not available for Tranche B, a simplified approach was used. Country-specific damage costs per tonne of pollutant emitted were calculated based on the emission inventory included in EcoSense, which contains information on the spatial distribution of emissions. For this, emissions were modified compared to the reference inventory and Europe-wide impacts were calculated and subtracted from impacts resulting from the reference inventory without unchanged emissions. This procedure using a reference inventory was required, because of air chemistry processes where “background” emissions play an important role. Then the resulting costs were divided by the difference of emissions to obtain the costs per tonne of pollutant. A description of the computer model EcoSense, which was used for the calculations, including exposure-response functions and monetary values is given below.

In addition to these regional scale calculations, damages on the local scale – up to about 20 km to each side of a line emission source (e.g. road) – were quantified. In lack of detailed geo-coded emission data, specific local-scale costs for the categories “urban roads”, “extra-urban roads” and “motorways” were transferred from detailed calculations for Germany. 

Then the emissions provided by the country account leaders were multiplied with the respective damage factor to obtain the costs caused by the different modes and vehicle categories.

Note: primary particle emissions from internal combustion engines were treated as PM2.5, primary particles from fossil power plants were treated as PM10 (higher deposition rate and lower impact compared to PM2.5).

a)
Description of the EcoSense computer model for assessment of costs due to airborne emissions

The EcoSense model has been developed within the series of ExternE Projects on ‘External Costs of Energy’ funded by the European Commission (see e.g. European Commission 1999a). The model supports the quantification of environmental impacts by following a detailed site-specific ‘impact pathway’ (or damage function) approach, in which the causal relationships from the release of pollutants through their interactions with the environment to a physical measure of impact are modelled and, where possible, valued monetarily. A schematic flowchart of the EcoSense model is shown in Figure 1. EcoSense provides harmonised air quality and impact assessment models together with a comprehensive set of relevant input data for the whole of Europe, which allow a site specific bottom-up impact analysis. 

In ExternE, EcoSense was used to calculate external costs from individual power plants in a large number of case studies in all EU countries. While the first generation of the EcoSense model was focused on the analysis of single emission sources, the new ‘multi-source’ version of the model provides a link to the CORINAIR database, which allows the analysis of environmental impacts from more complex emission scenarios. The CORINAIR database provides emission data for a wide range of pollutants according to both a sectoral (‘Selected Nomenclature for Air Pollution’ - SNAP categories) and geographic (‘Nomenclature of Territorial Units for Statistics’ - NUTS categories) disaggregation scheme (McInnes, 1996). A transformation module implemented in EcoSense supports the transformation of emission data between the NUTS administrative units (country, state, municipality) and the grid system required for air quality modelling (EMEP 50 x 50 km2 grid). Based on this functionality, EcoSense allows to modify emissions from a selected sector (e.g. road transport) within a specific administrative unit, creates a new gridded European-wide emission scenario for air quality modelling, and compares environmental impacts and resulting damage costs between different emission scenarios. In other words, environmental damage costs are calculated by comparing the results of two model runs:

· A model run using the ‘full’ European emission scenario as an input to air quality and damage modelling, including emissions from all emission sources in Europe, as well as the emissions from the transport sector considered.

· A second model run in which the emissions from the transport sector considered were set modified.

The difference in impacts and costs resulting from the two model runs represents the damages due to modified emissions. 

Figure 1:
Flowchart of the EcoSense model
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b)
Air quality models

Within the UNITE project two air quality models were used from the three available within the Eco-Sense system. The model for local scale effects was not required as they were covered based on GIS-based calculations.

· The Windrose Trajectory Model (WTM) (Trukenmüller et al. 1995) is used in EcoSense to estimate the concentration and deposition of acid species on a regional scale. 
· The Source-Receptor Ozone Model (SROM), based on the EMEP country-to-grid matrices (Simpson et al. 1997), is used  to estimate ozone concentrations on a European scale. 

c)
Dose-effect models

The dose-response functions used within UNITE are the final recommendations of the expert groups in the final phase of the ExternE Core/Transport project (Friedrich and Bickel 2001). The following table gives a summary of the dose-response functions as they are implemented in the EcoSense version used for this study. 

Table 28
Health and environmental effects included in the analysis of air pollution costs

	Impact category
	Pollutant
	Effects included

	Public health – mortality
	PM2.5 , PM10 1)
SO2, O3
	Reduction in life expectancy due to acute and chronic mortality
Reduction in life expectancy due to acute mortality

	Public health – morbidity
	PM2.5 , PM10, O3
	respiratory hospital admissions

	
	
	restricted activity days

	
	PM2.5 , PM10 only
	brain-blood flows hospital admissions

	
	
	congestive heart failure

	
	
	cases of bronchodilator usage

	
	
	cases of chronic bronchitis

	
	
	cases of chronic cough in children

	
	
	cough in asthmatics

	
	
	lower respiratory symptoms

	
	O3 only
	asthma attacks

	
	
	symptom days

	Material damage
	SO2, acid deposition
	Ageing of galvanised steel, limestone, natural stone, mortar, sandstone, paint, rendering, zinc 

	Crops
	SO2
	Yield change for wheat, barley, rye, oats, potato, sugar beet

	
	O3
	Yield loss for wheat, potato, rice, rye, oats, tobacco, barley, wheat

	
	Acid deposition
	increased need for liming

	
	N, S
	fertilisational effects

	1) including secondary particles (sulphate and nitrate aerosols).

Source: IER.


d)
Exposure-response functions for the quantification of health effects

Table 29 lists the exposure response functions used for the assessment of health effects. The exposure response functions are taken from the 2nd edition of the ExternE Methodology report (European Commission 1999a), with some small modifications resulting from recent recommendations of the health experts in the final phase of the ExternE Core/ Transport project (Friedrich and Bickel 2001).

Table 29
Quantification of human health impacts due to air pollution1)

	Receptor
	Impact Category
	Reference
	Pollutant
	fer

	ASTHMATICS 
(3.5% of population)
	
	
	
	

	Adults
	Bronchodilator usage
	Dusseldorp et al., 1995
	PM10  Nitrates  PM2.5 Sulphates
	0.163 0.163 0.272 0.272

	
	Cough
	Dusseldorp et al., 1995
	PM10, Nitrates  PM2.5  Sulphates
	0.168 0.280 0.280

	
	Lower respiratory symptoms (wheeze)
	Dusseldorp et al., 1995
	PM10  Nitrates  PM2.5  Sulphates
	0.061 0.061 0.101 0.101

	Children
	Bronchodilator usage
	Roemer et al., 1993
	PM10  Nitrates  PM2.5  Sulphates
	0.078 0.078 0.129 0.129

	
	Cough
	Pope and Dockery, 1992
	PM10  Nitrates  PM2.5  Sulphates
	0.133 0.133 0.223 0.223

	
	Lower respiratory symptoms (wheeze)
	Roemer et al., 1993
	PM10  Nitrates  PM2.5  Sulphates
	0.103 0.103 0.172 0.172

	All
	Asthma attacks (AA)
	Whittemore and Korn, 1980
	O3
	4.29E-3

	ELDERLY 65+ 
(14% of population)
	
	
	
	

	
	Congestive heart failure
	Schwartz and Morris, 1995
	PM10  Nitrates  PM2.5  Sulphates 
CO
	1.85E-5 1.85E-5 3.09E-5 3.09E-5 5.55E-7

	CHILDREN (20% of population)
	
	
	
	

	
	Chronic cough
	Dockery et al., 1989
	PM10  Nitrates  PM2.5  Sulphates
	2.07E-3 2.07E-3 3.46E-3 3.46E-3

	ADULTS (80% of population)
	
	
	
	

	
	Restricted activity days
(RAD)
	Ostro, 1987
	PM10  Nitrates  PM2.5  Sulphates
	0.025 0.025 0.042 0.042

	
	Minor restricted activity days (MRAD)
	Ostro and Rothschild, 1989
	O3
	9.76E-3

	
	Chronic bronchitis
	Abbey et al., 1995
	PM10  Nitrates  PM2.5  Sulphates
	2.45E-5 2.45E-5 3.9E-5 3.9E-5

	ENTIRE POPULATION
	
	
	
	

	
	Chronic Mortality (CM)
	Pope et al., 1995 
	PM10  Nitrates  PM2.5  Sulphates
	0.129% 0.129% 0.214% 0.214%

	
	Respiratory hospital admissions (RHA)
	Dab et al., 1996 
	PM10  Nitrates  PM2.5  Sulphates
	2.07E-6 2.07E-6 3.46E-6 3.46E-6

	
	
	Ponce de Leon, 1996
	SO2 
O3
	2.04E-6 3.54E-6

	
	Cerebrovascular hospital admissions
	Wordley et al., 1997
	PM10  Nitrates  PM2.5  Sulphates
	5.04E-6 5.04E-6 8.42E-6 8.42E-6

	
	Symptom days
	Krupnick et al., 1990
	O3
	0.033

	
	Cancer risk estimates
	Pilkington et al., 1997; based
on US EPA evaluations
	Benzene Benzo-[a]-Pyrene
1,3-buta-diene
Diesel par​ticles
	1.14E-7 1.43E-3

4.29E-6

4.86E-7

	
	Acute Mortality (AM)
	Spix et al. / Verhoeff et al.,
1996 
	PM10  Nitrates  PM2.5  Sulphates
	0.040% 0.040% 0.068% 0.068%

	
	
	Anderson et al. / Touloumi
et al., 1996 
	SO2
	0.072%

	
	
	Sunyer et al., 1996
	O3
	0.059%

	1) The exposure response slope, fer, has units of [cases/(yr-person-µg/m3)] for morbidity, and [%change in annual mortality rate/(µg/m3)] for mortality. Concentrations of SO2, PM10 ,  PM10, sulphates and nitrates as annual mean concentration, concentration of ozone as seasonal 6-h average concentration.

Source: Friedrich and Bickel 2001.


e)
Exposure-response functions for the quantification of impacts on crops

Functions are used within the model to quantify changes in crop yields due to the emissions of SO2, nitrates, ozone and acids.

f)
Exposure-response functions for the quantification of material damage

Functions were developed to quantify and value damages to limestone, sandstone, natural stone, mortar, rendering, zinc and galvanised steel and paint due to the effects of air pollution.

g)
Acidification and eutrophication of ecosystems

There are no effect models available to quantify the expected damage to ecosystem resulting from exceeding of critical loads. Therefore, such effects were not quantified in the present study.

3.5.1.2
Monetary values

Table 30 summarises the monetary values used for valuation of transboundary air pollution. According to Nellthorp et al. (2001) average European values should be used for transboundary air pollution costs, except for the source country, where country specific values were used. These were calculated according to the benefit transfer rules given in Nellthorp et al. (2001). 

Table 30
Monetary values (factor costs) for health impacts (€1998)

	Impact
	European average value 
	Spanish value
	Units

	Year of life lost (chronic effects)
	74 700
	60 300
	€ per YOLL

	Year of life lost (acute effects)
	128 500
	103 800
	€ per YOLL

	Chronic bronchitis
	137 600
	111 100
	€ per new case

	Brain-blood flows hospital admission
	13 900
	11 230
	€ per case

	Respiratory hospital admission
	3 610
	2 920
	€ per case

	Congestive heart failure
	2 730
	2 200
	€ per case

	Chronic cough in children
	200
	160
	€ per episode

	Restricted activity day
	100
	80
	€ per day

	Asthma attack
	69
	56
	€ per day

	Cough
	34
	27
	€ per day

	Minor restricted activity day
	34
	27
	€ per day

	Symptom day
	34
	27
	€ per day

	Bronchodilator usage
	32
	26
	€ per day

	Lower respiratory symptoms
	7
	6
	€ per day

	Source: IER calculations based on Friedrich and Bickel 2001 and Nellthorp et al. (2001).


3.5.1.3
Discussion of uncertainties

In spite of considerable progress made in recent years the quantification and valuation of environmental damage is still linked to significant uncertainty. This is the case for the Impact Pathway Methodology as well as for any other approach. While the basic assumptions underlying the work in ExternE are discussed in detail in European Commission (1999a), below an indication of the uncertainty of the results is given as well as the sensitivity to some of the key assumptions.

Within ExternE, Rabl and Spadaro (1999) made an attempt to quantify the statistical uncertainty of the damage estimates, taking into account uncertainties resulting from all steps of the impact pathway, i.e. the quantification of emissions, air quality modelling, dose-effect modelling, and valuation. Rabl and Spadaro show that - due to the multiplicative nature of the impact pathway analysis - the distribution of results is likely to be approximately lognormal, thus it is determined by its geometric mean and the geometric standard deviation g. In ExternE, uncertainties are reported by using uncertainty labels, which can be used to make a meaningful distinction between different levels of confidence, but at the same time do not give a false sense of precision, which seems to be unjustified in view of the need to use subjective judgement to compensate the lack of information about sources of uncertainty and probability distributions (Rabl and Spadaro 1999). The uncertainty labels are:


A = high confidence, corresponding to g = 2.5 to 4;


B = medium confidence, corresponding to g = 4 to 6;


C = low confidence, corresponding to g = 6 to 12.

According to ExternE recommendations, the following uncertainty labels are used to characterise the impact categories addressed in this report:

Mortality:

B


Morbidity:

A


Crop losses:

A


Material damage:
B.

Beside the statistical uncertainty indicated by these uncertainty labels, there is however a remaining systematic uncertainty arising from a lack of knowledge, and value choices that influence the results. Some of the most important assumptions and their implications for the results are briefly discussed in the following.

· Effects of particles on human health

The dose-response models used in the analysis are based on results from epidemiological studies which have established a statistical relationship between the mass concentration of particles and various health effects. However, at present it is still not known whether it is the number of particles, their mass concentration or their chemical composition which is the driving force. The uncertainty resulting from this lack of knowledge is difficult to estimate.

· Effects of nitrate aerosols on health

We treat nitrate aerosols as a component of particulate matter, which we know cause damage to human health. However, in contrast to sulphate aerosol (but similar to many other particulate matter compounds) there is no direct epidemiological evidence supporting the harmfulness of nitrate aerosols, which partly are neutral and soluble.

· Valuation of mortality
While ExternE recommends to use the Value of a Life Year Lost rather than the Value of Statistical Life for the valuation of increased mortality risks from air pollution (see European Commission, (1999a) for a detailed discussion), this approach is still controversially discussed in the literature. The main problem for the Value of a Life Year Lost approach is that up to now there is a lack of empirical studies supporting this valuation approach. 

· Impacts from ozone

As the EMEP ozone model, which is the basis for the Source-Receptor Ozone Model (SROM) included in EcoSense  does not cover the full EcoSense modelling domain, some of the ozone effects in Eastern Europe are omitted. As effects from ozone are small compared to those from other pollutants, the resulting error is expected to be small compared to the overall uncertainties.

· Omission of effects

The present report is limited to the analysis of impacts that have shown to result in major damage costs in previous ExternE studies. Impacts on e.g. change in biodiversity, potential effects of chronic exposure to ozone, cultural monuments, direct and indirect economic effects of change in forest productivity, fishery performance, and so forth, are omitted because they currently cannot be quantified.

3.5.2
Global warming

The method of calculating costs of CO2 emissions basically consists of multiplying the amount of CO2 emitted by a cost factor. Due to the global scale of the damage caused, there is no difference how and where the emissions take place.

A shadow value of € 20 per tonne of CO2 emitted, was used for valuing CO2 emissions, which reflects the costs of meeting the Kyoto targets in Germany (Fahl et. al. 1999) and Belgium (Duerinck 2000). This value lies within a range of values of € 5 to € 38 per tonne of CO2 avoided presented by Capros and Mantzos (2000). These authors calculated shadow prices for the EU to meet the Kyoto targets with and without emission trading.

Looking further into the future, more stringent reductions than the Kyoto aims are assumed to be necessary to reach sustainability. Based on a reduction target of 50% in 2030 compared to 1990, INFRAS/IWW (2000) use avoidance costs of € 135 per t of CO2; however one could argue that this reduction target has not yet been accepted.

A valuation based on the damage cost approach, as e.g. presented by ExternE (Friedrich and Bickel 2001), would result in substantially lower costs. Due to the enormous uncertainties involved in the estimation process, such values have to be used very cautiously.

For Spain, where emissions of methane (CH4) and nitrous oxide (N2O) were available, the shadow value for CO2 was multiplied by the global warming potential of 21 and 310 respectively, leading to values of 420 €/t CH4 and 6 200 €/t N2O.

3.5.3
Noise

Noise costs were quantified for a number of health impacts calculated with new exposure-response functions, plus amenity losses estimated by hedonic pricing.  The methodology for quantifying noise costs was extended to the calculation of physical impacts. Costs for the following endpoints were quantified:

· Myocardial infarction (fatal, non-fatal)

· Angina pectoris

· Hypertension 

· Subjective sleep quality

In addition, the willingness-to-pay for avoiding amenity losses were quantified based on hedonic pricing studies. A large number of such studies has been conducted, giving NSDI values (Noise Sensitivity Depreciation Index – the value of the percentage change in the logarithm of house price arising from a unit increase in noise) ranging from 0.08% to 2.22% for road traffic noise. Soguel (1994) conducted a hedonic pricing study in the town of Neuchatel in Switzerland. Rather than using housing prices, the dependent variable was monthly rent, net of charges. The coefficient on the noise variable in this study suggested a NSDI of 0.9. This value is similar to the average derived from European studies and was taken for our calculations. Table 31 presents the monetary values for health effects.

Table 31
Valuation of health effects (factor costs) from noise exposure (€1998)

	Endpoint
	European average value
	Spanish value
	Unit

	Myocardial infarction (fatal, 7 YOLL)
	522 900
	422 300
	€ per case

	Myocardial infarction (non-fatal, 8 days in hospital, 24 days at home)
	22 600
	22 060
	€ per case

	Angina pectoris (severe, non-fatal, 5 days in hospital, 15 days at home)
	14 160
	13 820
	€ per case

	Hypertension (hospital treatment, 6 days in hospital, 12 days at home)
	3 960
	3 710
	€ per case

	Medical costs due to sleep disturbance (per year)
	197
	159
	€ per year

	YOLL = Year of life lost.

Source: IER calculations based on Metroeconomica (2001) and Nellthorp et al. (2001).


As railway noise is perceived as less annoying than road noise, a bonus of 5 dB(A) was applied. This is in line with noise regulations in a number of European countries (e.g. Switzerland, France, Denmark, Germany; see INFRAS/IWW 2000).

For the quantification of the WTP for avoiding amenity losses a threshold value of 55 dB(A) was applied. It is assumed that noise levels equal to and over this value cause disamenity. The average rent which was the basis for the calculations in Spain was € 2 751.

3.5.4
Methodology for 1996 and forecast for 2005

Concerning environmental costs, the quantifiable differences between the account years 1996 and 1998 are quite small. Firstly, the activities and emission factors do not change considerably within two years (it has been assumed they are the same for both years). Secondly, the actual changes are difficult to detect, as much of the required data is not available in sufficient detail. It must be indicated that 1996 cost estimates are considered to be rough approximations, and thus have to be interpreted with caution.

According to Nellthorp et al. (2001) values change proportionally to real incomes. Hence, values were adjusted according to changes in real GDP. This results in a factor of 1.085 to discount the 1996 values relating to 1998 values, according to the growth rate between the two dates. This factor was applied to all cost categories and modes

Environmental costs for 2005 are based on forecasted pollutant emissions calculated according to estimated future traffic volumes. This extrapolation of emissions is subject to a certain degree of uncertainty because of the long lapse of time between 2005 and the core year 1998. As for 1996, costs values are adjusted by real income.

3.6
Methodology for estimating taxes, charges and subsidies 

3.6.1
General issues

The general methodology for collecting, supplementing and estimating transport related taxes, charges and subsidies was as far as practically possible based on Macario et al. (2000). Before discussing the methodology in detail per mode it seems to be necessary describe the following methodological issues and problems:

· The aim of the UNITE accounts was not to compile a complete data set of all taxes, charges and subsidies of the transport sector. The aim was rather to define properly those taxes and charges paid by infrastructure users (individual passengers as well as transport operators) which can be seen as revenues corresponding to the cost side of the accounts.

· Although the scope of taxes and charges included in the analysis was defined along their relationship to the different cost categories (infrastructure costs, accident costs, environmental costs, supplier operating costs) they can hardly be directly compared with the respective cost category. The reason for this is, first of all, the historical evolution of national taxation systems with different and from time to time changing justification of taxation purposes, levels, structures and (eventually existing) earmarking procedures (see Link et al. (2000) for a more detailed discussion). 

· In the philosophy of the UNITE transport accounts with a cost side and a revenue side, subsidies have to be treated at both sides of the account: Subsidies paid for infrastructure financing have to be considered as costs of infrastructure provision. The input data on investments used in the pilot account for capital stock valuation with the perpetual inventory model contain all investments spent per mode, independent of their financial source. On the other hand, direct subsidies paid to transport operators (for example for public service obligations but also as compensation payments for reduced tariffs for certain social groups) increase the revenues of the respective companies and are often contained in the item “tariff revenues” in their business accounts. As far as possible the subsidies contained there are reported as additional information outside the main body of the accounts except for the public and rail transport accounts.

· Indirect subsidies such as tax exemptions were quantified whenever possible and reported separately. It should be noted, however, that due to the fact that certain modes or user groups are exempted from taxes the accounts show at the revenue side no entries. Thus, indirectly these tax exemptions are considered even when not quantitatively reported. This data is additional information only.

· VAT is reported as an additional information if and only if VAT rates in transport differ from those paid in other sectors of the economy. Note, that the basic principle for the UNITE accounts is a net principle, e.g. a reporting on a factor cost basis (see Nellthorp et al. 2001).

3.6.2 Methodological issues per mode

Table 32 summarises methodologies applied for estimating taxes, charges and subsidies when detailed information was not available. For the case of roads and public transport, two types of taxes had to be estimated: fuel duty and VAT on fuel tax. Tax revenues arising from fuel duties were obtained by using official figures regarding consumption of fuel (petrol and diesel) and multiplying those by monetary units of tax per litre (AEAT, 1999). In the case of public transport, only revenues arising from consumption of fuel by buses was taken into account. Given that total fuel consumption by buses was not available, it was in turn estimated by assuming an average consumption of 0.07 litres per kilometre and multiplying this value by the total number of vehicle kilometres performed by buses. The figure for VAT on fuel duty was calculated applying the 16% rate to the total revenue from fuel tax.

With respect to subsidies for rail, air and maritime transport, time series from 1990 to 1997 were available. This allows to forecast the 1998 subsidy values with a low level of uncertainty. For public transport, subsidy levels were computed for years 1996 and 1998 by using the average subsidy (per bus-km for buses and per seat-km for metro) as reported in INE (1997). A similar procedure was used for calculation of revenue tariffs in the rail and public transport modes. In this case the revenue tariffs were also calculated based on average values calculated from INE (1997). Average revenues are per passenger-km in rail, per bus-km for buses, and per seat-km for metro. Indirect subsidies due to fuel tax exemptions were calculated in the same way as fuel tax revenues.

Table 32 

Estimation methodologies for taxes, charges and subsidies

	Road
	TAXES

Fuel duty: fuel consumption in litres multiplied by monetary units of tax per litre according to AEAT (1999).

VAT on fuel duty: 16% on fuel duty.

	Rail
	SUBSIDIES

Value for year 1998 forecasted by using IGAE time series from 1990 to 1997.

REVENUE TARIFFS

Values for year 1996 and 1998 computed by using average revenue tariffs per passenger kilometre from INE (97).

	Public Transport
	TAXES

Fuel duty: estimated fuel consumption in litres multiply by monetary units of tax per litre according to AEAT (1999)

VAT on fuel duty: 16% on fuel duty.

SUBSIDIES

Values for years 1996 and 1998 computed by using average subsidy per bus-km (for buses) or seat-km (for metro) from INE (97)

REVENUE TARIFFS

Values for years 1996 and 1998 computed by using average revenue tariffs per bus-km (for buses) or seat-km (for metro) from INE (97)

	Air
	SUBSIDIES

Value for year 1998 forecasted by using IGAE time series from 1990 to 1997.

	Shipping
	SUBSIDIES

Value for year 1998 forecasted by using IGAE  time series from 1990 to 1997.


4
Results

4.1
Infrastructure costs

The application of the simple version of the perpetual inventory model to those modes for which data is available in Spain provides two valuable pieces of information: total capital value of infrastructure assets and annual capital costs.

Although the quality of Spanish data does not allow to obtain the level of disaggregation at which the infrastructure costs are allocated in other countries (e.g. Germany and Switzerland), the results on this section are considered a good representation at aggregate level of the transport sector in Spain.  At the light of results, it is possible to compare capital values of complete networks across modes, and also to make comparisons at an international level.

Even if it is not feasible due to data limitations to differentiate by categories of roads, or by vehicle types, the calculated infrastructure costs are one of the most relevant inputs entering into the accounts for all modes. Table 33 summarises all the results obtained in the calculation of infrastructure costs, for the four relevant modes for the case of Spain: roads, rail, airports and ports.  Some comments for each mode follow in the next subsections.

4.1.1
Road transport 

In 1998 the Spanish road network had a gross value of € 91.5 billion and a net value of € 62.5 billion, with capital costs of € 5.1 billion at 1998 prices. The respective figures for 1996 are € 86.6 billion (gross value) and € 60.2 billion (net value). Capital costs in 1996 amounted to € 4.8 billion, which implies that between the two dates, this item experienced a growth rate around 5% in real terms.

Regarding running costs for the regular maintenance of road infrastructure, in 1998 it is estimated that they amounted to € 1.1 billion, up from € 0.7 billion in 1996.  The rapid increase in running costs between the two dates might be attributable in part to the fact that the 1996 figure seems low (due to irregularity in the data, or to lower resources than normal spent on road maintenance for that year).  Compared to the results obtained for Germany, running costs appear in 1998 to have a lower share over total infrastructure costs (18% in Spain compared to 27% in Germany). 

Table 33
Capital value and total infrastructure costs in Spain
(€ 1998 million )

	
	Roads
	Railways
	Airports
	Seaports

	
	
	
	
	

	
	1996

	Gross capital value 1) 
	86 587
	56 978
	2 687
	10 450

	Net capital value 1)
	60 202
	28 340
	1 846
	6 651

	Capital costs 2) 
	4 847
	3 261
	257
	527

	Running costs
	733
	513
	61
	29

	Total infrastructure costs
	5 580
	3 774
	318
	556

	
	1998

	Gross capital value 1) 
	91 538
	54 182
	3 447
	11 085

	Net capital value 1)
	62 505
	25 640
	2 391
	7 015

	Capital costs 2) 
	5 112
	3 029
	338
	558

	Running costs
	1 112
	471
	73
	30

	Total infrastructure costs
	6 224
	3500
	411
	588

	
	2005

	Gross capital value 1) 
	107 731
	56 240
	8 802
	13 206

	Net capital value 1)
	69 368
	29 779
	5 844
	8 141

	Capital costs 2) 
	5 992
	3 186
	890
	668

	Running costs
	1 666
	417
	96
	31

	Total infrastructure costs
	7 658
	3 603
	986
	699

	1) Including land value.- 2) Including land costs. Calculated as average over the financial year.

Source: DIW and EIET


4.1.2
Rail

The gross value of the capital stock of Spanish railways was € 54.2 billion in 1998, while the net value was € 25.6 billion.  From these figures capital costs of € 3 billion were derived, which amounted to 86% of total infrastructure costs.

Contrasting those data with the ones corresponding to 1996, it is remarkable that all variables experience reductions (around 5-7%).  Regarding the gross an net capital values of the rail network, this reduction can be justified by the observation of a decreasing trend in Spain in investments for this transport mode since late 1970s.  This trend was only broken in some periods, the most important being the construction of the high-speed rail route between Madrid and Seville at the beginning of the 1990s.

On the other hand, the reduction in maintenance costs between 1998 and 1996 (8%) can be explained by efficiency improvements.  As pointed out by Consultrans (1993) in an analysis of RENFE maintenance costs, during the 1980s and 1990 it was clear that significant cost savings were feasible to the company in this area of activity, by reducing the number of people employed in maintenance, and re-organizing their tasks.

 4.1.3
Aviation infrastructure

Airports and air navigation infrastructure constitute the physical assets used to produce transport services by airlines. The gross capital of all assets involved in air transport amounted to € 3.4 billion in 1998, with a net value of € 2.4 billion.  In 1996, these figures were € 2.7 billion and € 1.8 billion, respectively.  The relatively high growth rate between the two periods (around 25-30%) indicates that there have been significant investments in the air sector in Spain in recent years.  Indeed, several Spanish airports have enlarged their capacities during the late 1990, the case of Madrid being the most significant, both because of the amount of investments and for the central role that this airport plays as a hub for the Spanish airport system. 

Forecast for 2005 shows again a huge increase both in gross and net capital value of infrastructure assets for airports and air navigation. This result is a consequence of the aforementioned trend observed between 1996 and 1998 of rapid investments, reinforced by the figures provided by the MOT in its investment plans for the period 2000-2007. 

Total infrastructure costs are estimated in € 411 million in 1998 (€ 318 million in 1996, and € 890 million in 2005, this latter figure in line with the increase in total capital value).  From these costs, approximately 18% correspond to maintenance.  However, as it was mentioned above in section 3 when discussing methodological issued, it is considered that running costs could be underestimated with this figure.  The reason is that AENA –institution in charge of airports- reports all personnel costs as a single category, so it is possible that some costs originated by maintenance workers are excluded from the evaluation.  As a benchmark of reference, for the case of Germany, running costs for air transport amount to 58% of total infrastructure costs.

4.1.4
Seaports

In Spain there is no significant commercial inland navigation, due to physical limitation of rivers, therefore as described above, the only infrastructure considered within waterborne transport are seaports.

In 1998, the capital value of the Spanish port system amounted to € 11.1 billion (gross value) or € 7 billion (net value), which generate annual capital costs of € 558 million. Running costs of € 30 million made about 5% of total infrastructure costs.  As in the case of air transport, this figure is relatively low compared for example to Germany (33%), the reason being that some costs of personnel are not included.  Anyway, it must be observed that seaports in Spain have much lower maintenance costs for infrastructure than in other countries.  This is so because most of them are located in open seas, therefore not requiring costly dredging of access channels. 

Compared to 1998, values obtained for 1996 are quite similar.  Total capital costs associated to port infrastructure were 556 milion in 1996, implying a growth rate of 5.7% in real terms between the two dates.  The increase in running costs was somewhat lower (3.4%).

Forecasts for 2005 are a total capital value of the Spanish port system of € 13.2 billion in gross terms, and  € 8.1 billion in net terms, which imply an increase of around 18%. This is the result of the planned investments for the period 1998-2005 for the modernization and expansion of ports. Running costs will amount to € 668 million in 2005.

4.1.5
Average infrastructure costs per mode

Table 34 presents results for the four modes considered, regarding average costs per vehicle-km produced of services.  The objective of computing these data is to have some indicators of activity to which relate the obtained costs for infrastructure.  It must be kept in mind, however, that the definition of vehicle-km is not homogeneous across transport modes (i.e. one vehicle-km produced by a private car cannot be comparable to a vehicle-km by a train). Therefore, we do not intend here to make comparisons among transport modes, but only to provide results which can be contrasted with those of other EU countries.  Average costs for each mode can also be used to study their evolution over time, i.e. compare for mode i its value in 1998 compared to 1996 or expected value for 2005.

Maritime transport has not been included in Table 34, since it is difficult to have a reliable volume of output measured in terms of vessels-km.  Similarly, air transport presents some difficulties in the definition of output.  International airports are used by a large number of airlines, and it is almost impossible to determine exactly what is the volume of services that would correspond to their activity in Spain. The option chosen has been to use information on total seat-km provided by Spanish airlines, as a reference for the computation of average costs for the air sector.

Table 34
Average infrastructure costs in Spain
(€ 1998 million)

	
	Roads
	Railways
	Airports

	Units
	1 000 vkm
	1 000 train-km
	109 seat-km 2)

	
	1996

	Capital costs 1) 
	27.9
	20.4
	3.8

	Running costs
	4.2
	3.2
	0.9

	Total infrastructure costs
	32.1
	23.6
	4.7

	
	1998

	Capital costs 1) 
	26.9
	18.2
	4.4

	Running costs
	5.8
	2.8
	0.9

	Total infrastructure costs
	32.7
	21.0
	5.3

	
	2005

	Capital costs 1) 
	:
	:
	:

	Running costs
	:
	:
	:

	Total infrastructure costs
	:
	:
	:

	1) Including land costs. Calculated as average over the financial year.- 2) Not possible to estimate accurately aircraft-km performed by all flights using Spanish airports. Average costs are related to total supply by Spanish airlines (68 360 million seat-km in 1996, and 77 291 million in 1998).

Source: DIW and EIET


4.2
Supplier operating costs

As described in the input data section describing supplier operating costs, the UNITE convention is to include here only costs related to subsidised modes: railways and public transport.  For the Spanish accounts, the railway sector is fully represented in the results presented here (costs from RENFE and other five minor regional operators are included).  With respect to public transport, only costs from urban buses companies and metro are considered for the accounts.  There are some other subsidised public transport services (interurban bus regular routes), which have been excluded due to lack of information.

4.2.1
Railways

All European railway companies are obliged to separate transport and infrastructure accounts at least at the bookkeeping level.  The main Spanish operator (RENFE) has consequently created a unit within its structure, and assigned to it all matters related to tracks and stations: GIF (Gestor de Infraestructuras).  On the other hand, RENFE has divided its different activities in several business units:  commuting trains, regional, long-distance services, high-speed trains, and cargo.

This division of RENFE’s activities is already reflected in the latest company reports.  However, it is difficult to clearly identify all cost items related to infrastructure from the published accounts.  Part of costs attributed to the infrastructure unit (GIF) are probably common costs which also involve some part of transport services.  Therefore, we have not attempted to separate costs of rail infrastructure from those related to services.  

The only point where it is possible to identify a significant infrastructure cost item is the depreciation of assets.  In 1998, the volume of depreciation assigned to GIF assets (infrastructure) is around 45% of total depreciation for that year, the rest corresponding to rolling stock and other assets.  Based on this information, depreciation for all estimates is reduced by this percentage, with the objective of excluding infrastructure-related costs from the railways supplier operating costs.

Table 35 presents the results obtained for the core year 1998, and also for 1996 and 2005.  The level of disaggregation at which RENFE provides costs information precludes the use of the UNITE suggested cost classification into vehicle-related costs, service-related-costs and so forth (Link et al, 2000).  According to the obtained results, total supplier operating costs of rail companies were € 2.5 billion in 1998, excluding costs directly related to infrastructure (depreciation). The level of subsidies destined to cover for operating expenses by rail companies was estimated in € 1.2 billion for that year, which implies an approximate cost coverage ratio of 52%.

Table 35
Spanish rail supplier operating costs 1) - RENFE and regional operators
(€ 1998 million)

	
	1996
	1998
	2005

	Personnel
	844.4
	1 053.5
	1 566.7

	Fuel
	22.5
	25.3
	32.9

	Electricity
	138.3
	155.4
	202.1

	Consumables 
	260.3
	292.3
	380.2

	Depreciation 2)
	287.7
	323.1
	420.3

	Leasing
	16.2
	18.1
	23.6

	Insurance and financial
	8.4
	9.4
	12.2

	R+D
	15.7
	17.6
	22.9

	Advertising
	24.8
	27.8
	36.2

	Others
	80.2
	90.1
	117.2

	TOTAL COSTS 1)
	1 698.3
	2 012.6
	2 814.3

	% change with respect to core year (1998)
	-10.9%
	-
	30.1%

	1) Excluding from total reported expenses the depreciation corresponding to infrastructure assets and expenses on infrastructure maintenance (both estimated by EIET from companies’ business accounts). – 2) No infrastructure assets depreciation included.

Sources:  RENFE (1998), INE (1997) and EIET


4.2.2
Public transport

Supplier operating costs from urban bus companies have been obtained at a fairly disaggregated level.  Although it was not completely feasible to identify all cost categories described in Link et al (2000), we have attempted at least to classify costs into three broad categories: vehicle-related, administrative and commercial-related, and insurance/financial costs.  Personnel costs, which constitute around 70% of total costs for urban bus companies, could be separated into vehicle-essential personnel (drivers and inspectors), administrative personnel and maintenance workers.  Total supplier operating costs for this mode were estimated at € 1.1 billion in 1998, while subsidies perceived amount to € 298 million
.  These figures translate into a cost coverage ratio of 73%.

Table 36 presents the results for supplier operating costs for urban bus companies, for the three years of reference.  

Table 36
Spanish urban buses supplier operating costs
(€ 1998 million)

	
	1996
	1998
	2005

	Vehicle-related costs
	666.4
	900.0
	1 121.1

	Bus drivers
	407.0
	549.7
	684.6

	Inspectors
	32.6
	44.0
	54.8

	Maintenance personnel
	50.0
	67.5
	84.1

	Fuel (excluding taxes) 1)
	33.2
	44.9
	55.9

	Oil
	2.5
	3.4
	4.2

	Repair materials
	44.6
	60.3
	75.1

	Bus depreciation
	78.6
	106.2
	132.3

	Other costs
	17.9
	24.1
	30.0

	Administrative/commercial costs
	92.5
	125.0
	155.7

	Advertising
	3.6
	4.8
	6.0

	Administrative personnel
	75.6
	102.1
	127.2

	Others
	13.3
	18.0
	22.4

	Insurance and financial costs
	67.5
	91.1
	113.5

	Insurance
	31.3
	42.3
	52.7

	Interest payments
	36.3
	48.8
	60.8

	TOTAL COSTS
	826.4
	1 116.1
	1 390.2

	% change with respect to core year (1998)
	-26.0%
	-
	24.5%

	1) According to UNITE methodology, taxes are excluded from fuel in order to measure supplier operating costs at factor costs.  Fuel taxes are estimated in the tax/subsidies account.

Source:  EIET


Supplier operating costs have also been calculated for metro services, to include the other public transport mode which is relevant in Spain.  Costs from the three existent operators (Madrid, Barcelona and Bilbao) are presented in Table 37.  It must be remarked that in the case of metro, depreciation could not be split between infrastructure and rolling stock, due to lack of information.  Therefore, for this mode the supplier operating costs figures are higher than they ideally should be.  In 1998, total costs amounted to € 479.5 million, including the three operators.  Subsidies perceived were € 214.4 million, which imply a cost coverage ratio of 55%.  However, it is not possible to determine which subsidies are destined to cover for operating expenses.  Therefore, this figure must be taken simply as indicative of the level of subsidy for Spanish metro services. 

For this mode, it was also not feasible to identify cost categories with the ideal degree of disaggregation set out in UNITE methodology.  Cost items are then presented as reported by companies, without classifying them into vehicle-related costs, service-related costs and so forth.

Table 37
Spanish metro supplier operating costs 
(€ 1998 million)

	
	1996
	1998
	2005

	Personnel
	259.7
	274.5
	351.0

	Consumables 
	47.5
	50.2
	64.3

	Energy
	46.7
	49.4
	63.1

	Leasing
	1.7
	1.8
	2.3

	Repairs and maintenance
	15.3
	16.1
	20.6

	Insurance and financial
	1.9
	2.0
	2.6

	Advertising
	2.8
	2.9
	3.8

	Depreciation 1)
	69.4
	73.3
	93.8

	Others
	8.7
	9.2
	11.7

	TOTAL
	453.7
	479.5
	613.3

	% change with respect to core year (1998)
	-5.3%
	-
	27.9%

	Subsidies 2)
	202.8
	214.4
	274.1

	1) Not possible to calculate depreciation corresponding to infrastructure assets to eliminate it from the account, it is included in this figure. – 2) Estimated total subsidies, both to cover for operating and capital costs.

Sources: INE (1997) and EIET


4.3
Delay costs due to congestion

The results presented for delay costs are based on the methodology outlined in chapter 3 and described in detail in Link et al. (2000). Note, that no costs could be estimated for maritime transport of passengers and freight since no delay statistics exist for this mode.

4.3.1
Results per mode

4.3.1.1
Road transport

Total delay costs for road transport are given in Table 38, both for passenger transport and for freight transport.  Disaggregation is only possible by type of roads separated in two broad categories: high-capacity roads and other conventional roads.

Table 38
Total delay costs for road passenger 
and freight transport in Spain 1998

	
	Total additional delay costs
(€ million)

	Private cars
	1 958

	High capacity roads
	1 703

	Other conventional roads
	255

	LGV 
	476

	High capacity roads
	414

	Other conventional roads
	62

	HGV 
	878

	High capacity roads
	764

	Other conventional roads
	114

	Source: EIET


4.3.1.2
Rail transport

Only time costs were considered for the estimation of delay costs for rail passenger and freight services. Using an average VOT of € 7.22/hour for passenger travel, and € 0.76/ton-hour for freight transport, congestion costs reported in Table 39 were calculated for the main Spanish railway operator (RENFE).

Table 39
Additional time costs for rail transport in Spain 1998
(RENFE only), in € million

	
	Total additional time costs

	RENFE Total
of which
	9.9

	  Passengers
	5.5

	  Freight
	4.4

	Source: EIET


Results indicate that rail congestion costs are important both for passenger and freight services.  Although the latter have a lower VOT than the former, this result is explained by the poorer punctuality records exhibited by cargo transport, compared to those of passenger services.  In total, rail congestion costs amounted around € 10 million in 1998.

4.3.1.3
Public transport

Due to lack of information, delay costs in public transport are restricted to congestion suffered on interurban roads by buses and coaches providing services.  The sample of road sections considered for the evaluation of costs is mainly formed of high-capacity roads’ accesses to large cities, therefore this is the main type of transport service included in the figures provided in Table 40 regarding congestion costs for public transport. 

Table 40
Additional time costs for public transport (interurban buses)

(€ 1998 million)

	
	Total additional time costs

	Interurban buses
	414

	High capacity roads
	360

	Other conventional roads
	54

	Source: EIET


4.3.1.4
Air transport

Results for congestion costs for air passenger and air cargo transport are given in table 41.  These costs were obtained by evaluating estimated extra times due to congestion at rates of €14.83 per passenger-hour, and € 3.11 per ton hour.  It can be observed that cargo has a minor impact on total congestion costs for air transport.  Two reasons explain this effect: first, the share of cargo services over total flights is relatively small. And second, the cost per hour is sensibly higher for passengers compared to cargo. 

Table 41
Air traffic delay results for arrivals in selected airports 
representing 71% of air traffic in Spain (€ million)

	
	Total additional time costs 1998

	Passengers
	248.5

	Cargo
	0.3

	Source: EIET


4.3.2
Total and average delay costs for Spain

Detailed results of the delay cost estimation by vehicle types and network types for Spain 1998 are shown in Table 42. In 1998, total delay costs for transport amounted to € 3 985 million, of which 93.5% were borne by road traffic users (including interurban bus services). Only 0.3% of total congestion costs corresponds to rail delays, but air traffic users’ costs amount to 6.2% of total costs. 

Compared to Spain’s GDP the costs of road traffic delays were roughly 0.8% in 1998. This means that compared to the average allocation of road congestion costs to GDP of 2%, which is reported in the EU Green Book on Fair and Efficient Pricing, the delay costs estimated in this study for Spain are considerably lower.  The obtained result is in line with those obtained for other countries within the UNITE project (0.9% of GDP for Germany, 0.2-0.4% reported in studies for Switzerland).

Table 42
Total delay costs for Spain 1998

(€ 1998 million)

	
	Additional time costs due to road congestion
	Additional fuel costs due to road congestion
	Additional time costs due to late arrivals in public transport
	Total
	High capacity roads
	Other roads

	Road transport
	3 027
	285
	–
	3 312
	2 881
	431

	  Private cars
	1 852
	105
	–
	1 958
	1 703
	255

	  Light goods vehicles 1)
	470
	6
	–
	476
	414
	62

	  Heavy goods vehicles 2)
	704
	174
	–
	878
	764
	114

	Rail transport 3)
	–
	–
	10
	10
	–
	–

	  Passenger trains
	–
	–
	6
	6
	–
	–

	  Freight trains
	–
	–
	4
	4
	–
	–

	Public transport 4)
	414
	–
	–
	414
	360
	54

	Air transport
	–
	–
	249
	249
	–
	–

	  Passenger
	–
	–
	248.5
	248.5
	–
	–

	  Cargo
	–
	–
	0.3
	0.3
	–
	–

	Total
	3 440
	285
	259
	3 985
	–
	–

	1) Goods vehicles / vans <3,5 ton. –2) Rigid and articulated goods vehicles with a gross weight > 3,5 ton. –3) Including only RENFE, main operator of passenger services and monopolist supplier of cargo services. – 4) Includes only interurban bus services.

Source: EIET


Average costs per vehicle kilometre in road transport were calculated by using PCU-kilometres for each network aggregate. In rail a unique value per kilometre for each type of service (passengers, cargo) was applied. In air transport, average costs were obtained by aircraft movement (or arrival). Detailed results are shown in Table 43.

Table 43
Average delay costs for Spain in 1998 by vehicle kilometre or movement

	
	Unit
	High capacity roads
	Other roads

	Road transport
	
	
	

	  Private cars
	€ / 1000 vkm
	31.8
	2.7

	  Light goods vehicles 1)
	€ / 1000 vkm
	79.3
	6.8

	  Heavy goods vehicles 2)
	€ / 1000 vkm
	70.2
	7.2

	Rail transport 3)
	
	

	  Passenger trains
	€ / 1000 train-km
	43.5

	  Freight trains
	€ / 1000 train-km
	109.2

	Public transport 4)
	€ / 1000 vkm
	219.9

	Air transport
	
	

	  Passenger
	€ / departing flight 5)
	581

	  Cargo
	€ / departing flight 5)
	0.6

	1) Goods vehicles / vans <3,5 ton. –2) Rigid and articulated goods vehicles with a gross weight > 3,5 ton. –3) Including only RENFE, main operator of passenger services and monopolist supplier of cargo services. – 4) Includes only interurban bus services. – 5) The number of departing flights is the sum of all departures at the six airports included (not possible to separate passenger and cargo flights).

Source: EIET


4.3.3
Results for 1996

Total delay costs for Spain 1996 amounted to € 3 191 million. This is 19.9% less than the delay costs calculated for 1998. The most severe increase in delay costs between 1996 and 1998 is found for public transport (interurban buses), almost +40%, followed by air congestion costs (+20.5%). Meanwhile, the situation for rail congestion costs shows an improvement between 1996 and 1998, with a total reduction (passenger and freight services) of –54.5%.  The basic reason is the improvement in trains’ punctuality, according to RENFE own records, and it is specially remarkable for freight trains. Table 44 summarises the results for 1996.

Table 44
Total delay costs for Spain 1996 

(€ 1998 million)

	
	Additional time costs due to road congestion
	Additional fuel costs due to road congestion
	Additional time costs due to late arrivals in public transport
	
Total
	Comparison to 1998 (%): 
total network

	Road transport
	2 473
	253
	–
	2 727
	-17.7

	  Private cars
	1 526
	99
	–
	1 625
	-17.0

	  Light goods vehicles 1)
	384
	5
	–
	389
	-18.3

	  Heavy goods vehicles 2)
	564
	149
	–
	713
	-18.8

	Rail transport 3)
	–
	–
	15
	15
	50.0

	  Passenger trains
	–
	–
	6
	6
	0.0

	  Freight trains
	–
	–
	9
	9
	125.0

	Public transport 4)
	251
	–
	–
	251
	-39.4

	Air transport
	–
	–
	198
	198
	-20.5

	  Passenger
	–
	–
	197.5
	197.5
	-20.5

	  Cargo
	–
	–
	0.2
	0.2
	-33.3

	Total
	2 725
	253
	213
	3 191
	-19.9

	1) Goods vehicles / vans <3,5 ton. –2) Rigid and articulated goods vehicles with a gross weight > 3,5 ton. –3) Including only RENFE, main operator of passenger services and monopolist supplier of cargo services. – 4) Includes only interurban bus services.

Source:  EIET


Average costs per vehicle-kilometre (road and public transport), train-km (rail), and number of departures (air) are presented in Table 45.  Results show that average delay costs have increased between 1996 and 1998 for road transport, public transport and passenger air services.  Meanwhile, rail transport has improved its performance between the two dates regarding punctuality.  For rail passenger services, average delay cost per 1000 train-km decreased from € 51.2 in 1996 to € 43.5 in 1998, and for rail cargo services from € 242.1 to € 109.2.

Table 45
Average delay costs for Spain 1996 

(€ 1998 million)

	
	Unit
	Total on all types of infra​structure
	Comparison to 1998 figures
(%)

	Road transport
	
	
	

	  Private cars
	€ / 1000 vkm
	11.9
	-10.5

	  Light goods vehicles 1)
	€ / 1000 vkm
	28.3
	-14.5

	  Heavy goods vehicles 2)
	€ / 1000 vkm
	32.8
	0.0

	Rail transport 3)
	
	
	

	  Passenger trains
	€ / 1000 train-km
	51.2
	17.8

	  Freight trains
	€ / 1000 train-km
	242.1
	121.8

	Public transport 4)
	
	177.4
	-19.3

	Air transport
	
	
	

	  Passenger
	€ / departing flight5)
	537.2
	-7.5

	  Cargo
	€ / departing flight5)
	0.6
	0.0

	1) Goods vehicles / vans <3,5 ton. – 2) Rigid and articulated goods vehicles with a gross weight > 3,5 ton. –3) Including only RENFE, main operator of passenger services and monopolist supplier of cargo services. – 4) Includes only interurban bus services. – 5) The number of departing flights is the sum of all departures at the six airports included (not possible to separate passenger and cargo flights).

Source: EIET


4.3.4
Forecast 2005

Table 46 shows the total delay costs which were estimated for 2005 based on the methodology and the assumptions described in chapter 3. Total congestion costs for all transport modes are evaluated in € 5 291 million.

It is observed that congestion costs for road transport (private cars and goods vehicles) are expected to grow around 25-30%.  This is the result of combining the ease of road bottlenecks expected to be obtained from the planned investments in the horizon 2000-2007
, and forecasted traffic growths.  On the other hand, the average value of time for passengers will experience an increase from € 8.43 to € 9.70 per hour spent in private cars under congested conditions. (These values already include the 50% increase over normal VOT for the case of Spain, and are based on the following shares for trip purposes: business 18%, private/commuting 33%, leisure 49%).

Congestion costs for rail transport are expected to grow by 30% between 1998 and 2005, with a more steep rise in the case of cargo.  Punctuality indexes for this mode are not changed between the two dates, and in 1998 the records from RENFE trains can be regarded as good.  Therefore, the rise in costs is attributable to an increase in the volume of traffic, and to the higher VOT for passengers and cargo in 2005 (€ 8.30 per pax-hour and € 0.68 per ton hour) in real terms compared to 1998 (€ 7.22 and € 0.59, respectively).

Table 46
Total delay costs for Spain 2005 

(€ 1998 million)

	
	Additional time costs due to road congestion
	Additional fuel costs due to road congestion
	Additional time costs due to late arrivals in public transport
	Total
	Comparison 
to 1998 
(%)

	Road transport
	3 862
	329
	–
	4 192
	26.6

	  Private cars
	2 330
	117
	–
	2 447
	25.0

	  Light goods vehicles 1)
	625
	7
	–
	632
	32.8

	  Heavy goods vehicles 2)
	908
	205
	–
	1 113
	26.8

	Rail transport 3)
	–
	–
	13
	13
	30.0

	  Passenger trains
	–
	–
	7
	7
	16.7

	  Freight trains
	–
	–
	6
	6
	50.0

	Public transport 4)
	651
	–
	–
	651
	57.2

	Air transport
	–
	–
	435
	435
	74.7

	  Passenger
	–
	–
	434.3
	434.3
	74.8

	  Cargo
	–
	–
	0.5
	0.5
	66.7

	Total
	4 514
	329
	448
	5 291
	32.8

	1) Goods vehicles / vans <3,5 ton. –2) Rigid and articulated goods vehicles with a gross weight > 3,5 ton. –3) Including only RENFE, main operator of passenger services and monopolist supplier of cargo services. – 4) Includes only interurban bus services.

Source: EIET


Public transport (interurban buses) and air transport are the modes for which the expected increase in congestion costs is more important.  In the case of interurban buses,  the reason for the increase in congestion costs is the rapid growth in the volume of vehicle-km for this mode during the last years, which is expected to continue in the near future.  The same argument applies to air transport, where the rapid expansion of demand is saturating airports’ capacity very quickly, aggravating the problem of flight delays already experienced by passengers at Spanish airports. 

Finally, Table 47 presents average delay costs for 2005 broken down to passenger kilometres (for road transport) and to vehicle movements (for rail and air transport).

Table 47
Average delay costs for Spain 2005 

(€ 1998 million)

	
	
	
	
	Out of these:

	
	Unit
	Total on all types of infra​structure
	Comparison to 1998 figures
(%)
	High capacity roads
(%)
	Other
roads
(%)

	Road transport
	
	
	
	
	

	  Private cars
	€ / 1000 vkm
	12.8
	-3.8
	-3.5
	-3.7

	  Light goods vehicles 1)
	€ / 1000 vkm
	33.9
	2.4
	2.6
	1.4

	  Heavy goods vehicles 2)
	€ / 1000 vkm
	32.9
	0.0
	0.9
	0.0

	Rail transport 3)
	
	
	
	
	

	  Passenger trains
	€ / 1000 train-km
	47.9
	10.2
	–
	–

	  Freight trains
	€ / 1000 train-km
	124.9
	14.4
	–
	–

	Public transport 4)
	
	272.8
	24.0
	24.0
	24.0

	Air transport
	
	
	
	
	

	  Passenger
	€ / departing flight 5)
	689.4
	18.6
	–
	–

	  Cargo
	€ / departing flight 5)
	0.7
	7.7
	–
	–

	1) Goods vehicles / vans <3,5 ton. – 2) Rigid and articulated goods vehicles with a gross weight > 3,5 ton. –3) Including only RENFE, main operator of passenger services and monopolist supplier of cargo services. – 4) Includes only interurban bus services. – 5) The number of departing flights is the sum of all departures at the six airports included (not possible to separate passenger and cargo flights).

Source: EIET


4.4
Accident costs

4.4.1
Results for 1998

Table 48 presents total internal and external accident costs for Spain by transport mode.  Total accident costs raises to € 25.6 billion, 91% of them corresponding to internal costs. By cost components, the most important item is the risk value which represents 81.8% of the total cost, followed by an 9.0% for material damages and 8.2% for production losses. Comparing costs across modes, roads accumulate 98% of total transport accident costs in Spain.

Table 48
Total internal and external accident costs in Spain by cost category 1998
(€ 1998 million)

	
	Internal costs
	External costs
	
	

	
	Material damages
	Risk value
	Administra​tive costs
	Health costs
	Production loss
	Total costs 1998
	Total external costs

	Road 1)
	2 220.92
	20 674.16
	56.14
	178.68
	2 072.59
	25 202.49
	2 307.41

	Rail
	12.92
	90.05
	:
	0.64
	18.81
	122.41
	19.45

	Aviation
	6.58
	27.96
	:
	0.24
	3.32
	38.10
	3.56

	Maritime shipping 
	76.00
	160.56
	:
	0.20
	14.38
	251.13
	14.58

	Total
	2 316.42
	20 952.73
	56.14
	179.76
	2 109.10
	25 614.13
	2 345.00

	1) Passenger cars, motorcycles, goods vehicles and public transport. 

Source: EIET


Given the relevance of the road transport mode in the analysis of accident costs, more detailed results are presented in Table 49. It can be seen that 63% of total accident costs arise at interurban roads, whilst the remaining 37% at urban ones. It also important to note that as much as 58% of accident costs can be allocated to drivers. As already mentioned, the most important component of the cost is the risk value which varies across transport users and non users and by type of road. A thorough analysis of risk values within the road transport mode may be derived from results shown in Table 50.

Table 49

Accident costs in Spain per type of network and victim-  road transport 1998
(€ 1998 million)

	Road type
	Nº of Victims
	Material Damages
	Medical Costs
	Adminis.
	Product. Losses
	Risk Values
	Total costs

	
	
	Vehicle
	Goods
	Hospital1)
	Funerary2)
	Police
	
	
	

	INTERURBAN ROADS
	
	
	
	
	
	
	
	
	

	Total
	77 679
	1 149.13
	21.81
	77.97
	22.13
	29.60
	1 092.74
	13 420.02
	15 813.40

	Pedestrians
	2 234
	33.05
	0.63
	1.86
	2.26
	0.85
	31.43
	919.49
	989.57

	Drivers
	43 777
	647.61
	12.29
	43.74
	13.33
	16.68
	615.82
	7 844.70
	9 194.17

	Passengers
	31 668
	468.47
	8.89
	32.37
	6.54
	12.07
	445.48
	4 655.83
	5 629.65

	URBAN ROADS
	
	
	
	
	
	
	
	
	

	Total
	69 655
	1 030.43
	19.56
	73.31
	5.27
	26.54
	979.86
	7 254.14
	9 389.11

	Pedestrians
	11 798
	174.53
	3.31
	12.09
	2.31
	4.50
	165.97
	1 694.72
	2 057.43

	Drivers
	41 916
	620.08
	11.77
	44.33
	2.25
	15.97
	589.65
	4 064.12
	5 348.17

	Passengers
	15 941
	235.82
	4.48
	16.89
	0.70
	6.07
	224.25
	1 495.30
	1 983.71

	TOTAL
	147 334
	2 179.56
	41.37
	151.28
	27.40
	56.14
	2 072.59
	20 674.16
	25 202.49

	1) For injuries.-2) For fatal victims.

Source: EIET


Table 50
Risk values in Spain per type of network and victim – road transport 1998
(€ 1998 million)

	Road type
	Nº of Victims
	Risk Value

	INTERURBAN ROADS
	
	

	TOTAL
	77 679
	13 420.02

	Fatalities
	4 811
	7 639.99

	Pedestrians
	492
	781.31

	Drivers
	2 898
	4 602.10

	Passengers
	1 421
	2 256.59

	Injuries
	72 868
	5 780.03

	Pedestrians
	1 742
	138.18

	Drivers
	40 879
	3 242.60

	Passengers
	30 247
	2 399.25

	URBAN ROADS
	
	

	TOTAL
	69 655
	7 254.14

	Fatalities
	1 146
	1 819.88

	Pedestrians
	503
	798.78

	Drivers
	490
	778.13

	Passengers
	153
	242.97

	Injuries
	68 509
	5 434.26

	Pedestrians
	11 295
	895.94

	Drivers
	41 426
	3 285.99

	Passengers
	15 788
	1 252.33

	TOTAL
	147 334
	20 674.16

	Source: EIET


Table 50 shows that the risk value is 85% higher for interurban roads. Besides the allocation of risk values among victims varies according to the type of network. For instance, risk values are very similar for fatalities and injuries in the interurban network, while for the urban one the greater part of risk is due to injuries. It is also the case that drivers always bear the most important part of the risk for interurban roads, however this does not happen for fatalities in the urban roads. In summary, the situation is one in which the total risk value is almost double for interurban roads with drivers bearing most part of it.

Average accident cost were calculated by vehicle-km in each mode except for maritime transport for which data on vessel-km was not available.

Table 51
Average accident costs in Spain 1998


	
	Unit
	

	Road transport1)
	€ / 1000 vkm
	132.55

	Aviation2)
	€ / 1000 aircraft-km
	61.13

	Rail transport3)
	€ / 1000 train-km
	591.35


	1) Public transport is included. - 2) Calculated over aircraft-km of Spanish carriers.-3) Main operator RENFE and FEVE considered.

Source: EIET


4.4.2 Results for 1996

Table 52 shows total internal and external accident costs for year 1996. The analysis of accident cost data for 1996 is very much similar to 1998. Again 90% of total accident costs are internal, with the risk value representing the most important part of it. The road mode exhibits also a similar pattern, bearing as much as 98% of the total transport sector accident cost. It is remarkable that, between 1996 and 1998, road accidents costs have increased at a rate of 20%. Average road accident cost per vehicle kilometre increases by 10%.

Table 52
Total internal and external accident costs in Spain by cost category 1996
(€ 1998 million)

	
	Internal costs
	External costs
	
	

	
	Material damages
	Risk value
	Administra​tive costs
	Health costs
	Production loss
	Total costs 1996
	Total external costs

	Road 1)
	1 954.20
	17 022.00
	49.40
	158.07
	1 823.69
	21 007.36
	2 031.16

	Rail
	11.96
	90.44
	:
	0.59
	17.41
	120.40
	18.00

	Aviation
	6.58
	25.65
	:
	0.24
	3.32
	35.79
	3.56

	Maritime shipping 
	82.37
	151.15
	:
	0.22
	15.59
	249.32
	15.81

	Total
	2 055.11
	17 289.24
	49.40
	159.12
	1 859.75
	21 412.61
	2 068.27

	1) Passenger cars, motorcycles, goods vehicles and public transport. 

Source: EIET


Table 53a
 Average accident costs in Spain- 1996

	
	Unit
	Total network

	Road transport1)
	€ / 1000 vkm
	120.94

	Aviation2)
	€ / 1000 aircraft-km
	:

	Rail transport3)
	€ / 1000 train-km
	602.60

	1) Public transport is included. - 2) Not available due to lack of information on vkm produced by carriers for 1996. 3) Main operator RENFE and FEVE considered.

Source: EIET


4.4.3
Results for 2005

The results obtained for 2005 are presented in Table 53.b. Estimates have been computed based on forecasts for accident rates and traffic volumes.

Table 53b
Total internal and external accident costs in Spain by cost category 2005
(€ 1998 million)

	
	Internal costs
	External costs
	
	

	
	Material damages
	Risk value
	Administra​tive costs
	Health costs
	Production loss
	Total costs 2005
	Total external costs

	Road 1)
	2 815.56
	30 437.05
	71.18
	227.12
	2 627.52
	36 178.44
	2 925.82

	Rail
	9.56
	90.70
	:
	0.47
	13.92
	114.65
	14.39

	Aviation
	6.58
	32.16
	:
	0.24
	3.32
	42.30
	3.56

	Maritime shipping 
	66.38
	187.10
	:
	0.20
	12.56
	266.24
	12.76

	Total
	2 898.08
	30 747.01
	71.18
	228.03
	2 657.32
	36 601.63
	2 956.53

	1) Passenger cars, motorcycles, goods vehicles and public transport. 

Source: EIET


4.5
Environmental Costs

4.5.1
Results for 1998

Environmental costs are calculated under the assumption that pollutant emissions remain constant between 1996 and 1998. Table 54 presents results in Spain by mode of transport for year 1998. As already mentioned, lack of data regarding PM emissions make air pollution cost values to be underestimated. In addition, no data was either available for nature pollution and nuclear risk, however results for Germany indicate that the weight of both categories might be relatively small compared to the total cost (5% for nature pollution and negligible for nuclear risk).

In total, the road transport accounts for 90% of total environmental cost, followed by aviation and rail with a 6% and 4% respectively. By type of pollutant, it is noise, with a 46% weight, which represents the highest cost. Air pollution represents the 30% whilst global warming accounts for 24% of the total environmental costs. With respect to contribution of individual pollutants to each cost component, for the air pollution cost, it is the Nitrogen Oxides (NOx) which is causing around 80-90% of total cost in all modes analysed except for the case of electric rails, for which the Sulphur Dioxide (SO2) is much more important with an 84% weight. For global warming, the contribution of CO2 emissions is undoubtedly accounting for the highest part of the total cost (between 90-99%). For noise the most important cost element is the amenity losses component with a weight around 90-95% (see Table 55).

Table 54
Environmental costs for Spain 1998

(€ 1998 million)

	
	Air Pollution
	Global Warming
	Noise
	Nature, Landscape, Soil and Water pollution
	Nuclear Risks
	Total

	Road
	
	
	
	
	
	

	Motorcycles
	27.4
	22.3
	:
	:
	.
	

	Passenger cars
	1257.2
	866.5
	:
	:
	.
	

	LGV
	216.0
	192.0
	:
	:
	.
	

	HGV
	566.2
	392.5
	:
	:
	.
	

	Total
	2066.8
	1473.5
	2 965.34)
	:
	.
	6 505.6

	Rail
	
	
	
	
	
	

	Diesel traction
	13.0


	7.1
	:
	:
	:
	

	Electric traction
	35.5
	20.1
	:
	:
	:
	

	Associated diesel production1)
	1.3
	:
	:
	:
	:
	

	Total
	49.8
	27.2
	218.8
	:
	:
	295.8

	Public transport 3)
	43.0
	29.8
	:
	:
	.
	72.8 5)

	Aviation
	
	
	
	
	
	

	  At Airports
	15.0
	25.2
	:
	:
	.
	

	  Flights
	-
	182.9
	:
	:
	.
	

	Associated fuel production1)
	47.1
	:
	:
	:
	.
	

	Total
	62.1
	208.1
	188.32)
	:
	.
	458.5

	TOTAL COSTS
	2 221.7
	1 738.4
	3 372.4
	:
	:
	7 332.5

	1) Air pollution and global warming costs are not separated being presented together in the air pollution cell. – 2) No sleep disturbance included. – 3) Environmental costs from metro services not included, only urban and interurban buses. Estimate based on buses kilometres. - 4) Including buses. – 5)  Total cost for buses excludes the part corresponding to noise, which is estimated globally for the road mode and cannot be allocated to different vehicles.

Source: IER.


Table 55
Noise environmental costs for Spain 1998

(€ 1998 million )

	
	Road
	Rail
	Aviation

	Myocardial infarction
	80.01
	4.07
	6.89

	Angina pectoris
	0.92
	0.05
	0.08

	Hypertension
	0.09
	0.00
	0.01

	Sleep disturbance
	168.22
	19.71
	:

	Amenity losses
	2 716.06
	194.98
	181.36

	Total
	2 965.30
	218.81
	188.34

	Source: IER


For roads in particular, such a percentages are very similar, with a 45% for noise, 32% for air pollution and 23% for global warming. The situation is rather different for railways, with noise weighting a 74%, and for aviation with global warming accounting for 45% and noise for 41% of the sector environmental costs. However, in the case of air transport the importance of noise could be higher due to the exclusion in the calculation of sleep disturbances costs.

Table 56 presents average environmental cost in 1998. For the aviation case the unit cost has been calculated by using total aircraft-km produced by Spanish carriers.

Table 56
Average environmental costs for Spain 1998

 (in € / 1000 vehicle-km)

	
	Air Pollution
	Global Warming
	Noise
	Nature, Landscape, Soil and Water pollution
	Nuclear Risks
	Total

	Road1)
	
	
	
	
	
	

	Motorcycles
	19.8
	16.1
	:
	:
	.
	

	Passenger cars
	8.5
	5.8
	:
	:
	.
	

	LGV
	15
	13.4
	:
	:
	.
	

	HGV
	22.8
	15.8
	:
	:
	.
	

	Total
	10.9
	7.8
	15.6 4)
	:
	.
	34.3

	Rail
	
	
	
	
	
	

	Diesel traction
	342.9
	170.3
	:
	:
	:
	

	Electric traction
	227.4
	128.8
	:
	:
	:
	

	Total
	251.8
	137.5
	1 106.2
	:
	:
	1 495.4

	Public transport 3)
	22.8
	15.8
	:
	:
	.
	: 5)

	Aviation 6)
	99.6
	333.9
	302.12)
	
	.
	735.6

	1) Lack of  data regarding consumption levels for different types of vehicles does not allow to allocate the cost of associated fuel production for each type of vehicle.  – 2) No sleep disturbance included. - 3) Environmental costs from metro services not included, only urban and interurban buses. – 4) Including buses. – 5)  Total average cost (air pollution+global warming+noise) cannot be computed for buses, due to the fact that noise is estimated globally for the road mode. - 6)  Average aviation costs are calculated over total aircraft-km produced by Spanish carriers.

Source: EIET and IER


4.5.2 Results for 1996

As we have made the assumption that pollutant emissions remain constant between years 1996 and 1998, environmental cost have changed according to changes in real GDP, hence the analysis of relative importance of costs by mode of transport or cost component is also the same as in the 1998 account.

Table 57
Environmental costs for Spain 1996 

(€ 1998 million)

	
	Air Pollution
	Global Warming
	Noise
	Nature, Landscape, Soil and Water pollution
	Nuclear Risks
	Total

	Road
	
	
	
	
	
	

	Motorcycles
	25.4
	20.8
	:
	:
	.
	

	Passenger cars
	1160.0
	800.4
	:
	:
	.
	

	LGV
	199.6
	177.7
	:
	:
	.
	

	HGV
	519.9
	359.2
	:
	:
	.
	

	Total
	1904.9
	1358.1
	2 733.04)
	:
	.
	5996.0

	Rail
	
	
	
	
	
	

	Diesel traction
	12.0
	6.5
	:
	:
	:
	

	Electric traction
	32.7
	18.5
	:
	:
	:
	

	Associated diesel production1)
	1.2
	:
	:
	:
	:
	

	Total
	45.9
	25.0
	201.7
	:
	:
	272.6

	Public transport 3)
	39.5
	27.3
	:
	:
	.
	66.8 5)

	Aviation
	
	
	
	
	
	

	  At Airports
	13.8
	23.2
	:
	:
	.
	

	  Flights
	-
	168.6
	:
	:
	.
	

	Associated fuel production1)
	43.4
	:
	:
	:
	.
	

	Total
	57.2
	191.8
	173.52)
	:
	.
	422.5

	TOTAL COSTS
	2 047.5
	1 602.2
	3 108.2
	:
	:
	6 757.9

	1) Air pollution and global warming costs are not separated being presented together in the air pollution cell. – 2) No sleep disturbance included. – 3) Environmental costs from metro services not included, only urban and interurban buses. Estimate based on buses-km.- 4) Including buses. – 5)  Total cost for buses excludes the part corresponding to noise, which is estimated globally for the road mode and cannot be allocated to different vehicles.

Source: IER


4.5.3
Results for 2005

Table 58 show estimates for 2005 environmental costs for Spain. Results are of limited quality and should be interpreted with care because are based on traffic estimates for year 2005, without taking into account any technological changes leading to more efficient fuel use.

Table 58
Environmental costs for Spain 2005

(€ 1998 million)

	
	Air Pollution
	Global Warming
	Noise
	Nature, Landscape, Soil and Water pollution
	Nuclear Risks
	Total

	Road
	
	
	
	
	
	

	Motorcycles
	33.4
	26.5
	:
	:
	.
	59.9

	Passenger cars
	1704.0
	1070.7
	:
	:
	.
	2774.8

	LGV
	305.3
	264.8
	:
	:
	.
	570.1

	HGV
	796.6
	535.4
	:
	:
	.
	1332.0

	Total
	2839.3
	1897.5
	:
	:
	.
	4736.8

	Rail
	
	
	
	
	
	

	Diesel traction
	17.9
	9.7
	:
	:
	:
	27.6

	Electric traction
	55.2
	23.2
	:
	:
	:
	78.4

	Associated diesel production1)
	1.7
	:
	:
	:
	:
	1.7

	Total
	74.8
	32.9
	
	:
	:
	107.7

	Public transport 2)
	60.9
	40.9
	:
	:
	.
	101.8

	Aviation
	
	
	
	
	
	

	  At Airports
	27.3
	45.8
	:
	:
	.
	73.2

	  Flights
	-
	339.7
	:
	:
	.
	339.7

	Associated fuel production1)
	87.4
	:
	:
	:
	.
	87.4

	Total
	114.7
	385.5
	
	:
	.
	500.3

	TOTAL COSTS
	3089.7
	2356.8
	:
	:
	:
	5446.5

	1) Air pollution and global warming costs are not separated being presented together in the air pollution cell.– 2) Environmental costs from metro services not included, only urban and interurban buses. Estimate based on buses-km

Source: IER


4.6
Taxes, charges, subsidies

Results for the revenue side of the pilot accounts regarding taxes and charges are reported in Table 59. The road sector bears the greatest part of the tax burden, with the fuel duty representing 70% of total revenues, followed by VAT on fuel, circulation tax and registration tax revenues. Nevertheless, revenues corresponding to these last three types of taxes are for year 1998 around 1 € billion each. Other modes like rail, air and maritime are subject to fuel tax exemptions, and barely taxed.

With respect to rates of growth between years 1996 and 1998, the greatest growth is experienced by airport charges revenues, that in real terms increase by 27%. In turn, port charges revenues raise a 5%.

Table 60 summarises results for subsidies. First of all, two types of subsidies have been considered: subsidies for operating expenses and subsidies for capital expenses. The former includes those intended to compensate mainly for reduced fares and public service obligations. The last regards all capital elements, which includes mainly fleet as well as transport infrastructure (for rail and metro). Secondly, it should be pointed out, that obtained values for subsidies are rather heterogeneous and therefore comparison across modes should be done with care. 

For instance, for public transport only subsidies for urban buses and metro are reported, leaving aside information for interurban buses due to lack of data. In addition, metro capital subsidies might be including infrastructure ones jointly with other capital element subsidies. The same happens to railways’ capital subsidies. In the case of  air and maritime transport modes, an indirect subsidy due to the exemption on fuel tax is included. For roads, information on subsidies is partly incomplete and only subsidies to private concessionaires due to coverage of exchange rate risk are reported. There was no information regarding subsidies to road haulage operators, although this item is likely to be very small.

Nevertheless, subsidies for the railways stand out. If one assumes that subsidies for interurban buses might be as much as the amount of subsidies for urban ones, and even taking into account only operating subsidies (around € 1 billion), the figure for railways would still be the highest, though very much close to the indirect subsidy in the case of air transport derived from the fuel tax exemption. Considering now rates of growth between years 1996 and 1998 it is the maritime operating subsidies which experienced the highest rate with a 48%, followed by urban buses operating subsidies that reach a 35%. On the opposite, operating subsidies for railways are decreasing in real terms by a rate of 14%.

Table 59
Revenues collected from taxes and charges in Spain 1996, 1998 and 2005
(€ 1998 million)

	
	1996
	1998
	2005

	Road transport
	
	
	

	Vehicle registration tax 1)
	708.0
	908.2
	720.0

	Circulation tax
	1 133.5
	1 265.6
	1 542.8

	Fuel tax
	7 680.0
	8 428.1
	10 886.9


	VAT on fuel tax
	1 228.8
	1 348.5
	1 742.6

	Total taxes
	10 750.3
	11 950.3
	14 892.3

	Charges

Motorway tolls
	864.2
	918.9
	:

	Railways
	
	
	

	Fuel tax 2)
	-
	-
	:

	Track and station charges 3)
	-
	-
	:

	Public transport 4)
	
	
	

	Vehicle registration tax 1)
	-
	-
	

	Circulation tax
	:
	:
	

	Fuel tax
	26.9
	34.9
	44.2

	VAT on fuel tax
	4.3
	5.6
	7.1

	Total taxes
	31.2
	40.5
	51.3

	Charges

Motorway tolls
	:
	:
	:

	Air transport
	
	
	

	Fuel tax 2)
	-
	-
	-

	Charges

Aeronautical

Air traffic control
	377.7

283.3
	501.0

341.2
	:

	Total charges
	661.0
	842.2
	:

	Maritime transport
	
	
	

	Fuel tax 2)
	-
	-
	:

	Charges

Harbour fees

Concessionaires’ fees
	406.8

93.1
	422.2

104.7
	:

	Total charges
	499.9
	526.9
	:

	1) Buses and trucks are exempted in Spain from vehicle registration taxes, only VAT (normal rate) on vehicle sales is paid. – 2) Transport mode exempted from fuel on tax. – 3) Rail companies in Spain are still vertically integrated, therefore no track access charges or station charges apply. – 4) Includes only buses.

Source: EIET


Table 60
Subsidies to transport modes in Spain 1996, 1998 and 2005
(€ 1998 million)

	
	1996
	1998
	2005

	Road transport
	
	
	

	Subsidies to motorway private concessionaires 1)
	
147.5
	
196.5
	:

	Railways
	
	
	

	Subsidies for operating expenses
	1 227.4
	1 054.4
	:

	Subsidies for capital expenses
	630.9
	870.7
	:

	Total subsidies
	1 858.3
	1925.1
	:

	      User tariff revenues
	1 339.3
	1 495.4
	:

	Public transport
	
	
	

	Urban bus subsidies (operating expenses)
	220.4
	297.7
	370.8

	Metro subsidies (operating+capital)
	203.0
	214.0
	274.0

	Total subsidies
	423.4
	511.7
	644.8

	     User tariff revenues (urban buses)

     User tariff revenues (metro)
	575.0

293.9
	776.6

310.7
	967.3

397.3

	Air transport
	
	
	

	Exemption from fuel tax 2)
	1 172.3
	1 299.1
	:

	Subsidies to airlines 3)
	66.6
	76.9
	:

	Total subsidies
	1 238.9
	1376.0
	:

	Maritime transport
	
	
	

	Exemption from fuel tax 2)
	90.4
	97.1
	:

	Subsidies to shipping companies 3)
Operating expenses

Capital expenses
	53.4

47.0
	78.9

59.8
	:

	Total subsidies
	190.7
	235.7
	:

	1) Paid for the coverage of exchange rate risk, as contemplated in the concession contracts signed during the 1970s for the construction of tolled-motorways. – 2) Included in this table as an indirect form of subsidy. – 3) Subsidies paid as compensation for public service obligations and other concepts.

Source: EIET


5
Summary of results for Spain

5.1
Road transport

Table 61 presents the costs and revenues of Spanish road transport in 1996, 1998 and 2005, including private passenger transport (cars) and freight transport.  Public passenger transport (buses) is reported in the corresponding public transport account, except for infrastructure and accident costs, which could not be allocated to vehicle types and consequently are presented in aggregated form in the road account.  The same comment applies to noise costs.

In 1998, total costs amounted to € 15 billion, which represents € 0.079 per vehicle-km.  Environmental and infrastructure costs are the most relevant components of these total costs, with 43% and 41%, respectively, the rest corresponding to external accident costs, i.e. the share of accident costs not borne by users or insurance companies.

Congestion costs, which refer in UNITE accounts to costs of delay (e.g. time and fuel costs), amounted in 1998 to € 3.3 billion.  Almost all these costs correspond to the value of extra time spent by users (drivers and passengers) and by freight cargo, caused by congestion problems in roads.  As it was mentioned in section 3 on methodology for the estimation of these costs, urban congestion has not been evaluated (apart from problems suffered at main arterial city accesses) due to lack of information.  Therefore, it should be considered that the figure provided is a minimum estimate of congestion costs for Spain. Internal accident costs were € 23 billion in 1998, a figure which is more than 50% higher than estimated total costs.  Most of these costs (€ 21 billion) correspond to risk value, i.e. the valuation of fatalities an injuries in terms of willingness-to-pay to avoid the accidents. 

On the revenue side, a total amount of € 12.9 billion was collected in 1998 through taxes. Fuel taxes and VAT on fuel are the main sources of revenue, with 82% of total collected taxes.  The rest of revenue comes from annual circulation taxes charged regularly on all vehicles, and from vehicle registration taxes, which are paid by new vehicles.

Taking total revenues (taxes and charges) into account, the cost coverage rate is 85%, with € 2  billion of costs uncovered. The situation is quite similar for year 1996, due to the fact that both revenues and cost raise between 1996 and 1998 by a 10.8% and 10.5% respectively. No balance has been calculated for 2005, because noise costs have not been estimated due to lack of reliable data.

Table 61
Spanish road account for 1996, 1998 and 2005 (constant 1998 € million) 

	Costs
	Revenues

	
	
	
	
	Directly related to a specific cost category
	Other transport specific revenues

	
	1996
	1998
	2005
	
	1996
	1998
	2005
	
	1996
	1998
	2005

	Infrastructure Costs
	5 580
	6 224
	7 658
	Charges for infrastructure usage
	
	
	
	Vehicle registration tax
	708
	908
	720

	Fixed
	4 847
	5 112
	5 992
	Fixed
	
	
	
	Annual circulation tax
	1 134
	1 266
	1 543

	Variable
	733
	1 112
	1 666
	Variable 1)
	864
	919
	:
	Fuel tax
	7 680
	8 428
	10 887

	
	
	
	
	
	
	
	
	VAT on fuel tax
	1 229
	1 349
	1 743

	Accident costs (external)2)
	2 031
	2 307
	2 926
	
	
	
	
	
	
	
	

	Environmental costs
	5 996
	6 506
	:
	
	
	
	
	
	
	
	

	Air pollution
	1 905
	2 067
	2 839
	
	
	
	
	
	
	
	

	Global warming
	1 358
	1 474
	1 898
	
	
	
	
	
	
	
	

	Noise3)
	2 733
	2 965
	:
	
	
	
	
	
	
	
	

	Total
	13 607
	15 037
	:
	Total
	864
	919
	:
	Total
	10 751
	11 951
	14 893

	Additional information
	
	
	
	
	
	
	
	
	
	
	

	Congestion costs4)
	2 727
	3 312
	4 192
	
	
	
	
	Subsidies5)
	148
	197
	:

	Time costs
	2 473
	3 027
	3 862
	
	
	
	
	
	
	
	

	Fuel costs
	253
	285
	329
	
	
	
	
	
	
	
	

	Accident costs (internal)6)
	18 976
	22 895
	33 253
	
	
	
	
	
	
	
	

	From this: risk value
	17 022
	20 674
	30 437
	
	
	
	
	
	
	
	

	Environmental costs
	
	
	
	
	
	
	
	
	
	
	

	Nature and landscape, soil and water pollution
	:
	:
	:
	
	
	
	
	
	
	
	

	Nuclear risk
	–
	–
	–
	
	
	
	
	
	
	
	

	1) Revenues from tolled-motorways collected by private concessionaires. – 2) Refers to those parts of accident costs which are not borne by road users and insurance companies but by the public sector and third parties. Accident costs for buses included.– 3) Noise costs for buses included.- 4) Expressed as delay costs. – 5) Subsidies included here are payments received by private concessionaires for the concept of exchange rate risk, as contemplated in their concession contracts. – 6) Refers to those parts of accident costs which are borne by road users and insurance companies. Accident costs for buses included.

Sources: EIET, DIW, and IWW.


5.2 
Rail transport

Table 62 shows the Spanish pilot account for the rail mode in years 1996, 1998 and 2005. Regarding the cost side it is important to notice that in this case (and also in the public transport pilot account) the item ‘supplier operating cost’ is included as another component of total cost due to the fact that rail is usually a highly subsidised mode of transport. For base year 1998, infrastructure costs have the highest weight representing 60% over total cost of  € 5.8 billion. These are followed by supplier operating costs with a 34% weight. Average cost per train-km is € 28. The role of accident and environmental costs is minor.

No tax revenues appear on the revenue side of the account, due to the fact that this is a mode that is barely taxed. Tariffs paid by users amount to €1.5 billion, which constitute the only source of revenue presented in the account. Nevertheless, there are also subsidies paid in the concept of concessionary fares, but could not be split from other subsidies to cover for operating costs. This is why those subsidies have been shown as additional information.

Regarding changes in costs and revenues between 1996 and 1998, revenues from user tariffs increased by 11.5%, while total costs increased only by 0.7%. On the other hand, subsidies for operating expenses decreased by 14%.

Table 62
Spanish rail account for 1996, 1998 and 2005 (constant 1998 € million)

	Costs
	Revenues

	
	
	
	
	Directly related to a specific cost category
	Other transport specific revenues

	
	1996
	1998
	2005
	
	1996
	1998
	2005
	
	1996
	1998
	2005

	Infrastructure Costs
	3 774
	3 500
	3 603
	Track charges
	
	
	
	Fuel tax 3)
	-
	-
	:

	Fixed
	3 261
	3 029
	3 186
	Fixed
	
	
	
	VAT on fuel tax3)
	-
	-
	:

	Variable
	513
	471
	417
	Variable
	
	
	
	
	
	
	

	
	
	
	
	Station charges
	
	
	
	
	
	
	

	Services
	
	
	
	Subsidies for concessionary fares4)
	
	
	:
	
	
	
	

	Supplier operating costs 1)
	1 698
	2 013
	2 814
	User Tariffs
	1 340
	1 495
	:
	
	
	
	

	Accident costs (external)
	18
	19
	14
	
	
	
	
	
	
	
	

	Environmental costs
	273
	296
	:
	
	
	
	
	
	
	
	

	Air pollution
	46
	50
	75
	
	
	
	
	
	
	
	

	Global warming
	25
	27
	33
	
	
	
	
	
	
	
	

	Noise
	202
	219
	:
	
	
	
	
	
	
	
	

	Total
	5 763
	5 828
	:
	Total
	1 340
	1 495
	:
	Total
	
	
	

	Additional information
	
	
	
	
	
	
	
	
	
	
	

	Congestion costs2)
	15
	10
	13
	
	
	
	
	Subsidies for operating
expenses

Capital subsidies 5)
	
1 227

631
	
1 054

871
	:

	Accident costs (internal)
	102
	103
	100
	
	
	
	
	Non-transport related revenues of rail companies
	:
	:
	:

	From this: risk value
	90
	90
	91
	
	
	
	
	
	
	
	

	Environmental costs
	
	
	
	
	
	
	
	
	
	
	

	Nature and landscape, soil and water pollution
	:
	:
	:
	
	
	
	
	
	
	
	

	Nuclear risk
	:
	:
	:
	
	
	
	
	
	
	
	

	1) Excluding infrastructure related cost (estimated from RENFE business accounts). - 2) Expressed as delay costs, includes only estimated values for RENFE. – 3) Rail companies are exempted from taxes on fuel. – 4) Subsidies for concessionary fares could not be separated from other payments to cover for operating expenses, so all subsidies are reported only as additional information. - 5) Subsidies included here refer to subsidies provided for capital expenses (debt relief, acquisition of assets, etc). These subsidies cannot be allocated to either the cost or to the revenue side of this table. 

Sources: EIET, DIW and IWW.


5.3
Public transport (metro, urban buses and interurban buses)

Results for public transport are presented in Table 63. Lack of specific data for the public transport modes jointly with difficulties regarding allocation of costs and revenues, make this account rather incomplete. For this reason total costs and revenues are not reported, and values contained in this table should be considered individually without adding them into an accounts’ balance.

With respect to costs, the items of infrastructure, accident and noise costs are included in the road account. Only for supplier operating costs and environmental costs it was possible to obtain a specific figure for public transport, though the last component was computed only for buses. A similar comments applies to congestion costs which were, in turn, are calculated only for interurban buses.

On the revenue side tax information concerns only buses operations, whilst user tariffs are reported for metro and urban buses. Regarding subsidies, operating subsidies for urban buses are included in the main body. Metro subsidies could no be disentangled and appear as additional information.

Table 63
Spanish public transport account for 1996, 1998 and 2005 (constant 1998 € million)

	Costs
	Revenues

	
	
	
	
	Directly related to a specific cost category
	Other transport specific revenues

	
	1996
	1998
	2005
	
	1996
	1998
	2005
	
	1996
	1998
	2005

	Infrastructure Costs
	:1)
	:1)
	:1)
	Charges for infrastructure usage
	:
	:
	:
	Fuel tax
	26.9
	34.9
	44.2

	Fixed
	:
	:
	:
	Fixed
	:
	:
	:
	VAT on fuel tax
	4.3
	5.6
	7.1

	Variable
	:
	:
	:
	Variable
	:
	:
	:
	
	
	
	

	Services
	
	
	
	
	
	
	
	
	
	
	

	Supplier operating costs
	1 280
	1 596
	2 003
	User Tariffs
	
	
	
	
	
	
	

	Metro
	454
	480
	613
	Metro
	294
	311
	397
	
	
	
	

	Urban buses
	826
	1 116
	1 390
	Urban buses
	575
	777
	967
	
	
	
	

	Accident costs (external) 2)
	:
	:
	:
	
	
	
	
	
	
	
	

	Environmental costs3)
	66
	73
	102
	
	
	
	
	
	
	
	

	Air pollution
	39
	43
	61
	
	
	
	
	
	
	
	

	Global warming
	27
	30
	41
	
	
	
	
	
	
	
	

	Noise
	4) :
	4) :
	:
	
	
	
	
	
	
	
	

	Additional information
	
	
	
	
	
	
	
	
	
	
	

	Congestion costs 5)
	251
	414
	651
	
	
	
	
	
	
	
	

	Accident costs (internal) 2)
	:
	:
	:
	
	
	
	
	Operating subsidies6)
	220
	298
	371

	Environmental costs
	
	
	
	
	
	
	
	Subsidies7)
	203
	214
	274

	Nature and landscape, soil and water pollution
	:
	:
	:
	
	
	
	
	
	
	
	

	Nuclear risk
	:
	:
	:
	
	
	
	
	
	
	
	

	1) Metro is the most significant infrastructure within the public transport mode. Investment series, however, are not reliable enough to apply PIM model, so infrastructure costs are not estimated for this mode. – 2)  Included in the road account, due to the impossibility of estimating accident costs related to buses. -  3) Computed for urban and interurban buses only. -  4) Noise costs for buses are included in the road account. – 5) Measured as time delay costs, includes interurban bus delays only. – 6) Only urban buses are included. Not feasible to split subsidies for concessionary fares from others. – 7) Subsidies for capital and operating expenses for metro companies. These subsidies can clearly not be allocated to either the cost or to the revenue side of this table.

Sources: EIET, DIW and IER


5.5
Aviation

Table 64 shows the Spanish air transport account for year 1996, 1998 and 2005. For 1998 and regarding cost elements, it is the environmental cost figure which represents the most important component with a relative weight of 52%, that in turn is dominated by global warming and noise pollution costs. Infrastructure costs are 47% of total costs. It is also important to notice the relative importance of congestion costs (although internal to the transport system), which represent 28% of total external costs, and the relatively small share of accident costs for this mode. Total cost amount to € 872.6 million, whilst average cost per aircraft-km (considering only the volume of services produced by Spanish airlines) was € 1.4 in 1998.

On the revenue side, it happens (in a similar way to rail and maritime modes) that air transport is exempted from taxes on fuel and subject to few taxes relevant for UNITE purposes. In this case, revenues arise as infrastructure charges for utilisation of airports and air traffic control facilities.

For year 1998, cost coverage rate is 96%, although in year 1996 this rate was 89%. Such increase in costs coverage was due to the fact that revenue charges increased more rapidly (by 27%) than cost (17%). The total deficit was € 30.6 million in 1998.

Table 64
Spanish air transport account for 1996, 1998 and 2005 (constant 1998 € million)

	Costs
	Revenues

	
	
	
	
	Directly allocatable
	Other transport specific revenues

	
	1996
	1998
	2005
	
	1996
	1998
	2005
	
	1996
	1998
	2005

	Infrastructure Costs 1)
	318
	411
	986
	Charges for infrastructure usage
	
	
	
	
	
	
	

	Fixed
	257
	338
	890
	Airport revenues
	378
	501
	:
	Fuel tax
	-
	-
	-

	Variable
	61
	73
	96
	ATM charges 
	283
	341
	:
	VAT on fuel tax
	-
	-
	-

	
	
	
	
	
	
	
	
	
	
	
	

	Accident costs (external)
	3.6
	3.6
	3.6
	
	
	
	
	
	
	
	

	Environmental costs
	423
	458
	:
	
	
	
	
	
	
	
	

	Air pollution
	57
	62
	115
	
	
	
	
	
	
	
	

	Global warming
	192
	208
	386
	
	
	
	
	
	
	
	

	Noise
	174
	188
	:
	
	
	
	
	
	
	
	

	Total
	744.6
	872.6
	:
	Total
	661
	842
	:
	
	
	
	

	Additional information
	
	
	
	Loss of revenues
	
	
	
	
	
	
	

	Congestion costs 2)
	198
	249
	435
	due to tax exemption
	
	
	:
	Subsidies 3)
	67
	77
	:

	Accident costs (internal)

    From this: risk value
	32

26
	35

28
	39

32
	Kerosene tax 

VAT on ticket price
	1 172

:
	1 299

:
	-
	Non-transport related revenues of airports
	:
	:
	:

	Environmental costs
	
	
	
	
	
	
	-
	
	
	
	

	Nature and landscape, soil and water pollution
	:
	:
	:
	
	
	
	
	
	
	
	

	Nuclear risk
	.
	.
	.
	
	
	
	
	
	
	
	

	1) All infrastructure costs related to air transport activities (airports and air navigation control assets). – 2) Expressed as delay costs, extra time spent by passengers and cargo, and extra consumption of fuel. – 3) Subsidies given to airlines for different concepts (public service obligations, etc). These subsidies cannot be allocated to either operating expenses or capital expenses.

Sources: EIET, DIW, and IER


5.7
Maritime shipping

Table 65 shows the Spanish maritime pilot account for years 1996, 1998 and 2005. In general, the main difficulty in this mode of transport regards allocation of costs and revenues to national maritime services. For this reason information is incomplete and no data on environmental costs are reported. However a comparison of infrastructure cost and revenues can be made. In 1996 and 1998 both components are very closed, with infrastructure costs being in both years a 11% higher than infrastructure charges leading to an infrastructure deficits of € 56 million and € 61 million respectively. Finally, between 1996 and 1998 the rate of growth is very similar for infrastructure costs (5.7%) and infrastructure revenues (5.4%).

Table 65
Spanish maritime transport account for 1996, 1998 and 2005 (constant 1998 € million)

	Costs
	Revenues

	
	
	
	
	Directly allocatable
	Other transport specific revenues

	
	1996
	1998
	2005
	
	1996
	1998
	2005
	
	1996
	1998
	2005

	Infrastructure Costs
	556
	588
	699
	Charges for infrastructure usage
	
	
	
	
	
	
	

	Fixed
	527
	558
	668
	Harbour fees
	407
	422
	:
	Fuel tax 2)
	-
	-
	-

	Variable
	29
	30
	31
	Concession fees 1)
	93
	105
	:
	VAT 2)
	-
	-
	-

	
	
	
	
	
	
	
	
	
	
	
	

	Accident costs (external)
	16
	15
	13
	
	
	
	
	
	
	
	

	Environmental costs
	
	
	:
	
	
	
	
	
	
	
	

	Air pollution
	:
	:
	:
	
	
	
	
	
	
	
	

	Global warming
	:
	:
	:
	
	
	
	
	
	
	
	

	Noise
	:
	:
	:
	
	
	
	
	
	
	
	

	Total
	572
	603
	712
	Total
	500
	527
	:
	
	
	
	

	Additional information
	
	
	
	Loss of revenues
	
	
	
	
	
	
	

	Congestion costs
	:
	:
	:
	due to fuel tax exemption
	90.4
	97.1
	:
	Subsidies 3)
	100
	139
	:

	Accident costs (internal)

    From this: risk value
	233

151
	236

160
	253

187
	
	
	
	
	
	
	
	

	Environmental costs
	
	
	
	
	
	
	
	
	
	
	

	Nature and landscape, soil and water pollution
	:
	:
	:
	
	
	
	
	
	
	
	

	Nuclear risk
	.
	.
	.
	
	
	
	
	
	
	
	

	1) Payments received by port authorities from private firms making use of infrastructure within port areas to provide services, through concession contracts. – 2) Commercial vessels are exempt from fuel tax (some of them can claim for reimbursement of tax expenses). 3) Subsidies given to shipping companies for different concepts (public service obligations, etc). These subsidies cannot be clearly allocated to either operating or capital expenses.

Sources: EIET and DIW


6
Conclusions

In this annex we have presented full results obtained regarding costs and revenues for all transport modes in Spain, for 1996 and 1998.  Data limitations made unfeasible in general to produce reliable estimates on all cost and revenue categories for 2005, therefore the Spanish pilot accounts for this year are rather incomplete.  On the other hand, cost allocation at the level of vehicle disaggregation as described in Link et al. (2000) could not be done in most cases.

With this limitations, it can be considered that the results presented here are a first attempt to put together all figures regarding transport infrastructure and external costs for Spain.  Although there are many areas where better data could significantly improve the present accounts, the results for road, rail and air transport can be regarded as a good picture of the situation for these modes regarding infrastructure costs, external costs and total revenues.  For public transport and waterborne transport (only maritime, since inland navigation is negligible in Spain), only some cost categories could be estimated, and consequently these two accounts are rather incomplete.

6.1 Summary of results by cost category

Summing up each of the cost categories studied in the UNITE methodology, the results are the following:

· Infrastructure costs:  Full infrastructure costs were estimated for road, rail, airports and seaports.  Capital stock values and annual capital costs were calculated based on the perpetual inventory model, applied to long historical investment series for those modes.  Variable operating costs related to infrastructure (maintenance and repairs) were calculated from business accounts for rail, airports and seaports, and from official figures for the case of roads. Total infrastructure costs – fixed plus variable– for 1998 are estimated in € 6,224 million for roads, € 3,500 million for rail, € 411 million for airports, and € 588 million for seaports.  The magnitude of these figures provides a picture of the capital stock involved in each mode, and the annual consumption of resources.
· Supplier operating costs: These costs were calculated only for railways and public transport.  This was the criterion adopted in UNITE, since these are the modes which are more heavily subsidised by governments due to the imposition of public service obligations.  According to the idea of having a transport account with a meaningful balance on infrastructure and external costs, for these two modes we need to include revenues from user tariffs and subsidies for concessionary fares on the revenue side of the account.  In the case of Spain, it was not feasible to identify at great detail the concepts for which subsidies are paid to companies providing rail and public transport services.  The criterion followed was to include those subsidies considered as destined to cover for operating expenses, and excluding all capital subsidies.  However, within the first category of subsidies there might exist some items which ideally should be excluded, but only aggregated figures are available. In 1998, the rail sector received € 1.1 billion for the concept of operating subsidies, and another additional € 871 million as capital subsidies. For the public transport modes, operating subsidies are estimated in € 298 million only for urban buses, whilst metro operators received € 214 million, adding both operating and capital subsidies. 

· Congestion costs:  Road congestion has been calculated based on limited information of congestion problems identified by the MOT in a number of bottlenecks on the network of high capacity roads.  Figures of vehicle flows and estimated percentages of light and heavy vehicles in those segments were used to calculate time delays and extra fuel consumption attributable to congestion.  Urban congestion costs, which are likely to be important in some large Spanish cities, are not estimated in this work (only congestion related to access to cities through major arterial roads is included).  Total road congestion costs are estimated in 1998 at € 3,312 million, most of them derived from time delays.  For the other modes, congestion costs are calculated based on punctuality indexes.  In the case of air transport, a sample of six airports representing around 70% of total traffic yields a figure of € 249 million for congestion costs in 1998.  For railways, punctuality records are quite good, and correspondingly these costs are much smaller (€ 10 million).  No congestion costs were estimated for public transport and maritime transport.

· Accident costs:  The basis for the calculation of accident costs was a study carried out in 1991, which analysed in detail the administrative, medical and other costs related to accidents.  Updating those costs to 1998 monetary values, and using official statistics on number of victims and injuries, external accident costs were calculated for roads (€ 2,307 million), rail (€ 7 million), air transport (€ 3.6 million), and maritime transport (€18 million).  These are the figures included in the account, which are considered to compute the balance for each mode.  The other part of accident costs are internal costs (material damages suffered by victims and risk value), and according to the UNITE methodology these costs are estimated but not included in the balance of the account, and are reported only as additional information.  Internal accident costs are much higher than external ones, and most of them are attributable to risk value.
· Environmental costs:  The estimation of these costs was based on a limited amount of information regarding transport emissions.  Applying models to these data to estimate damages caused to the environment, valued according to UNITE standardized values for the case of Spain, figures are provided for road, rail, public transport (estimate obtained from the road values for buses only), and air transport.  Noise costs were also estimated, but these figures are based on highly aggregated indexes of impacts, therefore should be regarded as merely indicative.  Environment costs are one of the more relevant external cost categories for all modes. For the case of Spain, these are estimated at € 6,509 million for roads (43% of total costs), € 296 for railways (5%), € 458 million for air transport (52%), and € 69 million for buses (no total cost figure was calculated for public transport).
· Taxes, charges and subsidies:  Road taxes are the most significant item within this category, since for all other modes, vehicles and fuel are generally tax-exempt.  For roads, fuel tax is, as in other countries, the more important category in terms of revenues collected.  In 1998, a total of € 9,777 million (including VAT on fuel tax, but excluding normal VAT on the producer price) was collected.  Annual circulation tax on all vehicles and registration tax on new vehicles are the other two relevant categories for road transport (these taxes collected € 1,266 million and € 908 million in 1998, respectively). Toll revenues are also relevant in Spain (€ 919 million in 1998), due to the existence of a tolled-motorway network. These revenues are included in the account since infrastructure costs linked to these motorways appear on the cost side.  For the other transport modes, tax revenues are of a much more limited magnitude, due to the tax exemptions mentioned above.  Infrastructure charges, however, are relevant for air transport (€ 842 million), and for maritime transport (€ 527 million).  Regarding subsidies, these are only included in the accounts for railways and public transport, and only those subsidies which are destined to cover for operating expenses.  Other capital subsidies, which exist for roads, metro (for this mode, it was not possible to differentiate at all between capital and operating subsidies), railways, air transport and maritime transport are reported as additional information. 
6.2 The balance of the pilot accounts

The results obtained for the Spanish accounts are complete only for the case of roads, railways and air transport, for which all cost categories could be estimated.  For the other two modes –maritime transport and public transport (buses and metro)– there exists significant gaps in the accounts, therefore their balances cannot be taken as fully representative.

For the case of roads, in 1998 the account presents an imbalance of  € -2,170 million, thus indicating that revenues are clearly not sufficient to cover for all costs considered in the account.  Infrastructure and external accident costs (€ 8,531 million) would be more than covered by revenues, but not the part attributable to environmental costs (€ 6,509 million). The imbalance for the road sector was very similar in 1996, and no forecast has been produced for 2005, due to difficulties in obtaining reliable estimates for environmental and accident costs.

For railways, it is not feasible to calculate a meaningful balance which might be comparable to those of other countries. The reason is that there exist an important amount of subsidies perceived in the concept of concessionary fares, but those could not be split from other subsidies received by RENFE to cover for operating costs. This is the reason why those subsidies have been shown only as additional information. Consequently, the revenue side of the Spanish rail account is based only on tariff revenues paid by users. Nevertheless, even adding subsidies for operating expenses to user tariffs (€2.5 billion) , total revenues would be insufficient to cover for total costs (€5.8 billion).
In the case of air transport, its account exhibits a more balanced situation, although also for this mode revenues are not sufficient to cover for full costs.  The balance of the account in 1998 was € -31 million.  Revenues obtained from airport and ATM charges are more than double the figure of infrastructure-related costs, therefore allowing for this mode to have an extra amount of revenues to cover for environmental damages.

In the case of maritime transport, although it has been already mentioned that no meaningful balance can be extracted from the account because not all relevant costs items are included, it is interesting to notice that it would also exhibit an imbalanced situation.  In 1998, total revenues from seaport charges were € 527 million, which do not cover the estimated full infrastructure costs (capital cost plus maintenance), equal to € 588 million (deficit of € –61 million). Therefore, if accident and environmental costs are added on the cost side, the account would reflect even a higher deficit.

6.3 
The relevance of the pilot accounts for transport policy 

Sansom et al. (2000) pose the question of how the estimation of total and average costs and revenues contribute to the priority areas of transport policy identified to be relevant for the UNITE project. Indeed, this question is important since first best pricing rules refer to marginal cost, not average cost. Sansom et al. (2000) identifies three main areas to which the UNITE accounts can contribute: (1) financial viability, (2) efficiency, and (3) equity.

In the case of Spain, the results obtained in this work can only contribute to answer questions related to the first and second objectives, due to the aggregated nature of most of the data used in the elaboration of the accounts.  Regarding financial viability, the unbalanced situation observed in the transport accounts leads to the conclusion that in Spain revenues obtained from transport users are lower than total costs imposed to society.  However, a detailed analysis of cost categories allows to study whether the unbalance is due to problems to cover for infrastructure costs with revenues –a case in which subsidies would be inevitably required to keep the service running– or because revenues are insufficient for cost coverage when other external costs, as accident or environmental-related costs, are added to infrastructure costs.  In the case of roads and airports, these modes could be financially viable (i.e. they could cover infrastructure costs) at the present level of taxes and charges.  The situation is different for railways and seaports, where infrastructure costs are much higher than revenues (railways), or only slightly higher (seaports).

Regarding efficiency, the results from the Spanish accounts may be exploited further for each mode to determine optimal pricing policies.  For instance, the separation of infrastructure costs between fixed and variable can be valuable to determine marginal costs for each mode.  If cost recovery is binding, setting optimal tariffs at marginal costs would imply the need to cover for fixed infrastructure costs, and the amount of required revenues to cover for those costs through taxes or charges on users can be obtained from the accounts. A similar comment applies to other cost categories as environmental and external accident costs. 

The accounts can also help to identify if charges for the use of infrastructure for some particular mode are much higher than infrastructure costs (as in the case of Spanish airports). To this respect, the information from the account is useful to evaluate if this policy can be regarded as appropriate –if the corresponding extra revenues are destined to cover for external costs– or should be advisable to lower infrastructure charges and create some new taxes or charges directly related to those external costs.

Equity considerations are of a much more difficult nature, and it would not be possible to extract that kind of information from the Spanish accounts in their present format.  The basic reason is the lack of information about which are the individual costs caused by each type of vehicle on the transport system.  Therefore, even if costs can be evaluated at an aggregate level, it is not feasible to allocate them exactly to the users who have caused them.  In terms of policy, more detailed transport accounts would be required to pursue this type of analysis.

6.4 Assessment of quality of results

The accounts presented in this work can be considered as a valuable effort to analyse transport costs and revenues for all modes.  In this respect, there are not many previous attempts in Spain to put together all the available information, and to produce comparable figures to those of other EU Member States, specially if based on a common methodological approach.  However, there are many aspects where the Spanish transport accounts presented here can be improved.  As in the case of other countries, the main difficulty is the lack of data to estimate some of the cost categories which one would ideally want to include in the accounts.

In order a provide an assessment of the quality of results, we briefly discuss the main limitations and possible improvements: 

1. Infrastructure costs:  

Capital stock values and annual capital costs were calculated based on the perpetual inventory model, applied to long historical investment series for roads, rail, airports and ports. These series are of good quality, therefore fixed infrastructure costs can be regarded as very reliable. The only problem experienced concerns investment on metro systems, which are aggregated with rail investments. However, the relative importance of metro capital stock compared to rail is relatively minor (only three Spanish cities, Madrid, Barcelona and Bilbao have metro networks).

Infrastructure running costs (maintenance and repairs) were calculated from business accounts for rail, airports and seaports, and from MOT official figures for roads.  Road variable costs exhibit a weird increase between 1996 and 1998 (from € 0.7 billion to € 1.1 billion) which could not be satisfactorily explained.  Compared to the results obtained for Germany, running costs appear in 1998 to have a lower share over total infrastructure costs (18% in Spain compared to 27% in Germany), so that cost category in the road transport account must be regarded as a rough estimate.

For the case of rail transport, variable infrastructure cost data refers only to RENFE, because regional railway operators did not provide that information.  Although the major share of Spanish rail infrastructure is owned by RENFE, there is a part of running costs that is missing from our estimates.

2. Supplier operating costs: 

It was not possible to identify at great detail the concepts for which subsidies are paid to companies providing rail and public transport services.  The criterion followed was to include those subsidies considered as destined to cover for operating expenses, and to exclude all capital subsidies.  However, within the first category of subsidies there might exist some items which ideally should be excluded, but only aggregated figures are available. In 1998, the rail sector received € 1.1 billion for the concept of operating subsidies, and another additional € 871 million as capital subsidies.  For public transport, operating subsidies are estimated in € 298 million only for urban buses, whilst metro operators received € 214 million, adding both operating and capital subsidies. 

3. Congestion costs:  

Road congestion has been calculated based on limited information on congestion problems identified by the MOT in a number of bottlenecks on the network of high capacity roads.  Figures of total vehicle flows and estimated percentages of cars, LGVs and HGVs in those segments were used to calculate time delays and extra fuel consumption attributable to congestion.  Urban congestion costs, which are likely to be important in some large Spanish cities, have not been estimated satisfactorily (only congestion related to access to cities through major arterial roads is included).  

For rail and air transport, congestion costs are calculated based on punctuality indexes.  In the case of air transport, a sample of six airports representing around 70% of total traffic has been used to compute costs, so the figures presented can be slightly underestimated.  For the case of rail, punctuality records refer only to the national operator RENFE.

4. Accident costs:

The basis for the calculation of accident costs was a study carried out in 1991, which analysed in detail the administrative, medical and other costs related to accidents.  Updating those costs to 1998 monetary values, and using official statistics on number of victims and injuries, external accident costs were calculated.  The approximation to accident costs is therefore regarded as of limited quality for all modes.

5. Environmental costs:  

The estimation of these costs was based on a limited amount of information regarding transport emissions (CORINAIR inventory 1996).  For some relevant pollutants (mainly fine particle emissions), there is no information available for Spain, therefore environmental costs presented in the accounts could be underestimated.  Applying models to the input data, damages caused to the environment are estimated and valued according to UNITE conventions.

Noise costs were also estimated, but these figures are based on highly aggregated indexes of impacts, therefore should be regarded as mere approximations to the real values.  

6.5 Future improvements

The scarcity of data in some areas has been the main difficulty faced in the elaboration of the Spanish accounts. Therefore, improvements in future version must be based on better databases, and more resources should be devoted to compile those statistics.

Environmental costs is the area where the most significant weaknesses can be pointed out.  Estimates produced for environment cost are based on extremely scarce data on emissions, and probably it would not be too difficult to make an effort to evaluate those external effects.  Noise costs calculated in this work are based on very rough statistics, and could also be more accurately measured.  There exist data in Spain about noise generated by traffic in urban areas, and airport surroundings, produced by the initiative of some city councils and other institutions, but due to time limitations in some cases and confidentiality restrictions in others, we were not able to collect better information to estimate those costs.

Congestion and accident costs are other two areas which could be refined with better information. A similar comment applies to subsidies. Subsidies perceived by public transport companies (buses and metro) and railways, were evaluated based on business accounts, but available numbers were presented at a very aggregated level.  More information could be useful on that point, to better differentiate which part of them are exactly subsidies to cover for concessionary fares and other public service obligations.

Finally, one general problem that affects to all modes is the allocation of costs by vehicle or service types (for the case of road transport, allocation by vehicle categories; for rail, freight and passengers, and so forth).  This limitation is a serious drawback for the computation of average costs by vehicle-km, which has forced us to leave all tables on average costs almost completely blank.  In order to properly allocate costs to vehicle/service types a considerable effort should be required to acquire information about cost generation. However, this type of information would be needed if the pilot accounts are to be useful for pricing purposes.

Glossary

	Accident Costs 
	Costs caused by transport accidents. These costs are directly related to material damage costs and medical costs, the administrative costs of police and insurance companies, the costs associated with production loss through accident related illness and fatalities and the costs of „suffering„ associated with accidents (risk value).

	Capital costs
	The capital costs comprise the consumption of fixed capital and interest. Capital costs represent a high share of total infrastructure costs and are different to the annual capital expenditures.

	Capital value
	The capital value is the value of fixed capital measured either as a gross or a net value. The gross value represents the capital value of all assets still physically existing in the capital stock. It can thus be considered as an equivalent of production capacity. The net value represents the value of assets minus the meanwhile consumed fixed capital. The difference to the gross value is thus the loss of value due to foreseen obsolescence and the normal amount of accidental damage which is not made good by normal repair, as well as normal wear and tear. Methods for estimating capital values are the direct method (synthetic method) and the indirect method (perpetual inventory concept).

	Congestion
	Congestion arises when traffic exceeds road capacity so that the travelling speed of vehicles is slowed down. It can be defined as a situation where traffic is slower than it would be if traffic flows were at low levels. The definition of these „low levels„ (reference level) is complicated and varies from country to country (e.g. six service levels in the American HCM).

	CORINAIR
	Programme to establish an inventory of emissions of air pollutants in Europe. It was initiated by the European Environment Agency Task Force and was part of CORINE (COoRdination d’Information Environmentale) work programme set up by the European Council of Ministers in 1985. End of 1994 the EEA’s European Topic Centre on Air Emissions (ETC/AEM) took over the CORINAIR programme.

	Earmarking
	Direct interlinkages between the financial source and the financial purpose, in order to secure financial resources. In practice, specific funds are used therefore (e.g. earmarking road pricing revenues and financing of road infrastructure or environmental measures). 

	GDP
	(= Gross Domestic Product). The GDP is the sum of all goods and services produced within a country and a year. GDP per capita can be regarded as the relative economic power of a country per inhabitant.

	GVW
	GVW is the gross vehicle weight and contains the weight of the vehicle itself and the weight of the payload.

	HGV
	HGV means heavy goods vehicles. Within this study they are defined as all goods vehicles with a maximum GVW equal or more than 3,5 tons.

	Impact Pathway Approach (IPA)
	Methodology for externality quantification developed in the ExternE project series. It follows the chain of causal relationships from pollutant emission via dispersion (including chemical transformation processes), leading to changes in ambient air concentrations from which impacts can be quantified using exposure-response functions. Damages are then calculated using monetary values based on the WTP approach.

	Individual transport 
	Transport performed on the own account of users with their own vehicle for private reasons. 

	Infrastructure Cost 
	Cost category which comprises capital costs (depreciation and interests) and running costs for maintenance and repair, operation and administration, overheads and traffic police. 

	Infrastructure suppliers 
	are defined as the totality of public and private enterprises which are financing the provision and maintenance of the transport infrastructure for all modes (road, rail and water) within the urban area analysed.

	NUTS
	Nomenclature of territorial units for statistics; level 0 = countries, level III = départements, Kreise, etc. (depending on country considered).

	Opportunity costs
	The expressions "opportunity costs" and "shadow prices" are used synonymously within the Real Cost Scheme. They determine the value added for an individual in the case a good would not have been bought or built or in case negative effects of transport would not be present. Opportunity values are used for the evaluation of investments (capital costs), lost lives (statistical value of human life) or for the assessment of noise nuisance. 

	Passenger car unit
	(= PCU) PCU is used in order to standardise vehicles in relation to a passenger car. Speed and lengths differentials are most common.

	Perpetual-inventory method
	Perpetual inventory model: This is a method to estimate the asset value from a time series of annual investment expenditures. Annual new investments are cumulated and - according to their remaining life time - a depreciation will be calculated. The sum of these annual remaining asset values is equal to the total amount of the asset value.

	PPP
	PPP means purchasing power parity. PPPs are the rates of currency conversions which equalise the purchasing power of different countries. This means that a given sum of money, when converted into different currencies at the PPP rates, will buy the same basket of goods and services in all countries. In particular, PPPs are applied if figures for specific products or branches shall be expressed in foreign currency (for example in ECU or in US $) because in these cases the use of official exchange rates is not appropriate.

	Primary particles
	Particles, that are directly emitted.

	Public Transport 


	PT subsumes all services that are supplied according to a pre-defined timetable in passenger and freight transport. The final user here pays an average fare. Typical PT is rail, bus, air and ferry services. The transport of an additional person or unit of goods does not cause in the short run additional vehicle kilometres, as scheduled vehicles are used, which are running anyway. In the long run, due to increased capacity use, additional or larger vehicles have to be scheduled. In the former case the marginal costs are zero, in the latter case the marginal costs are the costs per vehicle kilometre divided by the capacity use.

	Replacement value/cost
	The cost of replacing a particular asset of a particular quality with an asset of equivalent quality. Replacement cost may exceed the original purchase cost because of changes in the prices of the assets. 

	Risk value
	The risk value represents the society’s willingness to pay for avoiding death casualties or injuries in transport. It reflects the decrease in social welfare due to the suffering and grief of the victims and their relatives and friends. The relevant cost elements are: Own risk value and suffering and grief of relatives and friends

	Secondary particles
	Particles, such as nitrates and sulphates, that are formed in the atmosphere through atmospheric chemical reactions.

	Supplier Operating Cost 
	Costs mainly related to costs incurred by supplier in its operations.

	Survival function
	Survival functions are used in rather refined perpetual inventory models. The survival function g (i) is based on the assumption that the service lives of assets within an investment vintage are dispersed around the mean. g (i) explains then which share of investments within an investment-vintage still exists in the capital stock after i years. The survival function is characterised by a downwards slope of shares between 100 % (in the first year of investment) and 0 % (after exceeding the maximal lifetime of all assets in the investment vintage).

	Synthetic method
	One of the two main methods to value the existing road network (see also: perpetual inventory method). The synthetic method values the road network by estimating what it would cost to replace the road network with assets of equivalent quality. The method therefore involves measuring the existing physical assets, in terms of road length of particular types, bridges, etc, and then multiplying these measures of physical assets by unit replacement costs, such as the cost of constructing a motorway with the same physical characteristics as the existing one.

	Vehicle category
	Road: passenger car, motorcycle, bus, goods transport vehicles.

Public transport: bus, tram, trolley bus, metro.

Rail: electric passenger train, diesel passenger train, electric goods train, diesel goods train.

Inland Waterways / Marine: Goods transport.

Air: passenger, goods transport

	VOSL
	Value of statistical life: An unit often used to express individuals willingness-to-pay (WTP) for safety. The individual state (or reveal) a WTP for a small reduction in risk (dz) for a fatal accident; he is never asked the question about the value of life per se. If this risk change is summed over (n) individuals so that statistical the risk reduction will save one life we can also sum their WTP; this sum of the WTP then becomes the Value of statistical life (VOSL). VOSL = WTP*n = WTP/dz    if n*dz = 1

	VOT
	Value of time. The value of time is standardised within the UNITE accounts.

	WTP
	Willingness to pay: The direct or indirect response to questionnaire about individuals willingness-to-pay for a good. For example the WTP for higher safety.

	YOLL
	Year of life lost


Abbreviations

	bill.
	billion

	CO2
	Carbon dioxide

	COI
	Cost of illness

	dB(A)
	Decibel, weighted with the A-filter. Logarithmic unit of sound pressure level.

	EMEP
	European Monitoring and Evaluation Programme

	GDP
	Gross Domestic Product

	GIS
	Geographical Information System

	GVW
	Gross vehicle weight (weight of the vehicle itself and the weight of the payload)

	HGV
	Heavy goods vehicles (goods vehicles with a maximum GVW equal or more than 3,5 tonnes)

	Kph
	Kilometres per hour

	kWh
	Kilowatt hour

	LAeq
	Energy equivalent noise level

	LGV
	Light goods vehicles (goods vehicles with a maximum GVW less than 3,5 tonnes)

	LTO
	Landing and take-off cycle

	mill.
	Million

	MOT
	Ministry of Transport  (Ministerio de Fomento)

	MWh
	Megawatt hour

	n.a.
	No data available

	NMHC
	Hydrocarbon

	NMVOC
	Non-methane volatile organic compounds

	NOx
	Nitrogen oxides (mix of NO and NO2)

	NUTS
	Nomenclature of territorial units for statistics; level 0 = countries, level III = départements, Kreise, etc. (depending on country considered)

	PCU
	Passenger car unit 

	PIM
	Perpetual Inventory Model

	PM10
	Fine particles with a diameter of 10 µm and less

	PM2.5
	Fine particles with a diameter of 2.5 µm and less

	PPP
	Purchasing power parity

	PT
	Public transport

	SOC
	Supplier operating costs

	SO2
	Sulphur dioxide

	SRWP
	Steady reduction of working power

	UPT
	Urban public transport

	v-hours
	Vehicle hours

	v-km
	Vehicle kilometres

	VOC
	Volatile organic compounds

	VOT
	Value of time

	WTP
	Willingness to pay

	YOLL
	Years of life lost


Abbreviations used in data tables

	–
	No existing data category (for example sea ports in Switzerland)

	0
	Zero or approximately zero when compared to other data entries

	.
	Not applicable (for example the length of a sea harbour)

	:
	No data available
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� Subsidies reported in section 5 in the summary of the public transport account are higher (€ 329 million), because the subsidies given to interurban buses are included.


� The Ministry of Transport is already implementing a plan of improvement of some road sections and construction of new roads, to complete the network of high capacity roads (Plan de Infraestructuras, 2000-2007, Ministerio de Fomento).
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								Figure 3.2: Development of Transport Accounts
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										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



WP2: Integration of Approaches

WP11: Pilot Accounts

WP12: Generalisation of Case Studies

Project Management

WP3:
Accounts
Approach

WP4:
MC
Method



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












