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1.
Summary

1.1
Overall methodological issues.

· Environmental external effects of transport cover a wide range of different impacts, including the various impacts of emissions of a large number of pollutants and noise on human health, materials, ecosystems, flora  and fauna. Impacts occur at the local, regional, European and global scale; damages caused by transport activities may be instantaneous, but also extend far into the future - up to several hundreds of years. The methods used to estimate external costs must be able to address these different scales, and it is furthermore necessary to select the most important among the large number of pollutants and damage categories for further analysis.

· Marginal environmental external costs of transportation vary considerably with the technology of the vehicle, train, ship or plane and site (or route) characteristics. Only a detailed bottom-up calculation allows a close appreciation of such site and technology dependence. The Impact Pathway Approach follows the complete chain of causal relationships, starting with the emission of a burden, through its diffusion and chemical conversion in the environment, to its impact on the various receptors (humans, crops etc.) and, finally, the monetary valuation of such impact. So, information is generated on three levels: i) the increase in burden (e.g. additional emissions and ambient concentration of SO2 in µg/m3) due to an additional activity (e. g. one additional trip on a specific route with a specific vehicle, train, ship, plane), ii) the associated impact (e.g. additional hospital admissions in cases) and iii) the monetary valuation of this impact (e.g. WTP to avoid the additional hospital admissions in EURO). It is therefore recommended to use the Impact Pathway Approach as a bottom-up methodology to quantify external costs. In addition, results from top-down studies can also usefully be employed to check consistency and validate the plausibility of bottom-up results.

· Accurate bottom-up calculations require a considerable amount of data and time. As a consequence,  it is not possible to calculate marginal external costs for every transport route in Europe using the detailed impact pathway. It follows that simplified functions describing the relationships between marginal external costs and the most relevant parameters which determine them (road types, vehicle technologies, population densities, meteorological characteristics of locations)  have to be developed, based on a large number of different case studies carried out with the detailed bottom-up approach. The results derived from this simplified procedure should be compared with those obtained from the detailed bottom-up approach - when available -  in order to provide error estimates. 

· Depending on the nature of the policy question being addressed, average or aggregated external costs should then be calculated as needed to support the implementation of different policy instruments. In addition to the average or aggregated values, deviations should be calculated to provide a measure of the quality of approximation made. 

· Results of the estimation of external costs are uncertain, i.e. consist of a range rather than a single value. Most of these uncertainties are attributable to an insufficient knowledge of the physical phenomena associated to the various impact chains; they do not reflect a deficiency of the methodology. Despite these uncertainties, the use of the methods described here is seen to be useful, as

· the knowledge of a range of the external costs is obviously a better aid for policy decisions than the alternative – having no quantitative information at all;

· the relative importance of different impact pathways is identified;

· the important parameters or key drivers, that cause high external costs, are identified;

· the decision making process will become more transparent and comprehensible; a rational discussion of the underlying assumptions and political aims is facilitated.

· Whenever the impact pathway method is not applicable due to insufficient knowledge or to unacceptable uncertainty levels, gaps should be closed and uncertainties reduced to make the method applicable as widely as possible. As long as important gaps remain, other methods should be used to make sure that all relevant impacts are considered in decision making processes. Such methods can be illuminated by the results of "shadow value" calculations, which show the implied valuations and the marginal avoidance costs which are embedded in policy decisions, targets and agreed standards.

1.2
Air pollution

· A relevant share of the damage caused by emissions of air pollutants does not occur near the emission source, but, after transport and chemical transformation of the pollutants, hundreds or even thousands of kilometres away. As a consequence, the investigation must be made not only on the local, but also on the regional and European scale.

· The transport of pollutants and their chemical transformation (e.g. into secondary pollutants like ozone, NO2, nitrates and sulphates) are complex phenomena, resulting in a non-linear relation between the emission of pollutants and their concentration or deposition. Marginal changes in the concentrations of pollutants in the ambient air should thus be calculated by using air quality models, based on the joint elaboration of emission data, meteorological data and the geographical co-ordinates of receptors. Different models are available to deal with different geographic scales and with different patterns of natural and built environment (e.g. street canyons in urban areas). 

· Impacts on the various receptors are assessed through the application of Exposure-Response (E-R) functions that describe the effect of an increase in the concentration of pollutants on human health, materials and crops. These are derived from specific epidemiological studies and are available for a range of pollutants, both primary and secondary.

1.3
Noise

· External costs caused by noise should also be estimated using the impact pathway approach. The first step is the modelling of noise dispersion from the source to the receptors, for which appropriate models are available on different scales. The increase in noise level caused by an additional vehicle, train or plane is then calculated.

· Most studies currently evaluate the noise costs by using the WTP to reduce noise to lower levels. Available evidence indicates that the highest perceived nuisance from marginal increases in noise level occurs in otherwise very quiet conditions, and there is also some evidence that noise cost increases disturbance. Marginal increases in noise in already very noisy conditions  are often not perceived or valued as highly. Cost functions thus derived show that noise costs increase exponentially as noise exposure grows in excess of the threshold beyond which noise is perceived as a disturbance. 

· Approaches using dose-response functions to quantify the impacts, including premature mortality and morbidity due to noise-induced hypertension and amenity losses, should be used as soon as the available dose-response-functions are proven to be reliable enough. The impacts are then valued using monetary values consistent with those used for impacts due to airborne emissions.

1.4
Other environmental costs.

· The correlation of greenhouse gas emissions with climate change and especially the damage caused by climate change (for instance as documented in the third IPCC report) are still uncertain and controversial. Specific models have however been developed to assess the impact of climate change on human health, agriculture, water availability, etc., which provide quantitative estimates of cost ranges. The uncertainty associated to such damage estimates is still very high. There are however implied shadow values which can be derived from political decisions or international agreements: avoidance costs might then be used to assess the cost of greenhouse gas emissions. 

· Other environmental externalities exist (e.g. vibrations, water and soil pollution by water runoff, severance effects, damages to natural ecosystems, visual impacts etc.). Methods to value these externalities are partly available for selected local impacts; however methods to analyse larger areas are less advanced - compared to air pollution and noise - and should be further developed. Some studies conclude that the corresponding external costs are lower than those generated by air pollution and noise.

1.5
Monetary Valuation

· In the absence of market prices for most environmental goods, monetary valuation should be based on Willingness to Pay (WTP) or Willingness to Accept (WTA) studies, which can be either direct (based on stated preference surveys and the concept of hypothetical markets) or indirect (based on revealed preferences and the concept of surrogate markets). The valuation method to be used should be carefully chosen, and the design of the questionnaire of contingent valuation studies should be reviewed before using the results.

· As a monetary value for the risk of acute mortality, the ‘value of a statistical life’ (VSL) has extensively been used, mainly for accident costs. However, for monetising risks of chronic mortality, the ‘VLYL’ (value of a life year lost) approach could be applied, as the use of the VSL might lead to inconsistencies.

· Environmental effects in some cases pertain far into the future. Their costs should be discounted. The rate used for discounting environmental and health damage should be the same as the one used for assessing investment decisions within a social cost benefit analysis. In most circumstances, this rate is, quite properly, lower than the discount rate observed in normally functioning capital markets. Additionally, arguments have been put forward to suggest the application of an even lower discount rate for very long term impacts or investments affecting future generations. 

· The willingness to pay for reducing health and environmental risks tends to increase with increasing income. Therefore, if - as currently assumed - future generations have a higher income than the current one, the WTP for these risks will rise. This should however not lead to applying lower discount rates for environmental costs, but rather to the assignment of higher monetary values to future environment and health impacts.

1.6

Data requirements

Depending on the level of the analysis undertaken, and on the typology of modelling tool, data requirements can vary considerably:

· Transport flows: data required range from O/D data relevant to specific route(s), or corridor(s), to data at the aggregated level for the geographic unit considered (a country, a region, etc.) Disaggregation by vehicle technology, and occupancy rates (load factors for freight) are systematically needed.

· Emissions: emission factors (by technology) for all vehicle, train, plane or ship technologies are needed including the emission factors for the main up- and downstream processes. For modelling the chemical transformation of the pollutants in the atmosphere, emission data bases covering all emission sources are needed for the different spatial scales.

· Concentrations and impacts: in addition to transport flows and emissions, data requirements cover two main areas: i) receptor data (geographical co-ordinates, population density, other geo-morphological information, such as built environment pattern for urban situations), ii) meteorological data (mainly wind speed and direction). Impacts are derived from the application of exposure response functions, whose knowledge is therefore a prerequisite.

· Monetary valuation, finally, requires the availability of WTP/WTA data.

Experience shows that the above data are, or can be made available, at various levels of detail depending on countries.

2.
Introduction

Transport is a source of considerable environmental impacts, mostly representing externalities. The importance of including external costs - to obtain the „true prices“ of activities - in economic analysis is agreed, at least at the theoretical level. Recent trends in economic thought, in particular the emphasis on sustainable development and the use of market mechanisms in environmental regulation, have given prominence to environmental externalities.

This report covers externalities due to airborne pollutants, such as particulate matter, NOx, SO2, Ozone and others, climate change impacts due to greenhouse gases, and noise in detail. The scale of impact of these effects is very different. Whereas airborne pollutants are mainly a problem at the local and regional (i.e. European) scales, the effects of greenhouse gases emission are global. Noise impacts, in contrast, are restricted to the very local scale of several hundred meters from the emitting source. As regards the time scale of the effects treated here, the emission of greenhouse gases has the longest time scale, according to the long atmospheric lifetime of the relevant species. For this reason, several hundreds of years have to be taken into account when quantifying impacts. According to the shorter lifetimes of the species involved, airborne pollutants have short-term effects (e.g. peak concentrations) as well as longer-term effects (e.g. ozone episodes). Noise has the most limited effect, as it disappears soon after the emission source has disappeared. However, after pollution or noise have dissolved, the impacts of the exposure, i.e. an increase in chronic mortality, may occur several years after the exposure. Of course, the instruments for internalisation of these externalities have to reflect the character of the effect that is subject to internalisation.

By how much a negative externality should be reduced depends on the marginal external cost and also on the marginal cost of reducing the externality. Knowledge of the marginal cost is thus necessary for deciding the optimum. Marginal costs are normally expressed as unit costs, for example the marginal costs of air pollution per vehicle-kilometre (vkm) or the marginal external costs per passenger kilometre (pkm).

Marginal costs should be calculated by using a bottom-up approach. The starting point of this approach is the micro level, i.e. the traffic flow on a particular route segment. The marginal external costs of one additional vehicle then are calculated for a single trip on this route segment. This is done by modelling the path from emission to impact and costs. Results of recent bottom-up calculations have already shown that the value of externalities may differ substantially from one transport route to another.

In earlier studies the top-down approach was mainly used, leading to the estimation of average costs. The basis for the calculation is a whole geographical unit, a country for example. For such unit the total cost due to an externality is calculated. This cost is then divided by the total amount of activity leading to the externality. Clearly, the average external costs thus obtained do not account for the differences in location and conditions.

However, the task of calculating bottom-up specific costs for each European transport route is clearly too ambitious and could hardly be justified in economic terms. The issue of generalisation, i.e. the use of simplified methods to estimate marginal external costs for all or a large number of routes and transport techniques is thus raised. 

Furthermore, policy instruments can not be designed in a way, that they internalise different costs for each vehicle and each road segment; so aggregated or averaged figures have to be produced and used. Here the bottom-up approach has the advantage that any form of aggregation – as determined by the features of the policy instrument - can be realised.

To check the plausibility and consistency of the calculated bottom-up, aggregated values, results from top-down studies can usefully be employed.

Recent research projects in the field of externality valuation are mostly based on the Impact Pathway Approach, originally defined and assessed in the EU ExternE Project. In spite of uncertainties which still remain significant in some areas, the Impact Pathway Approach is widely recognised as the most reliable approach for environmental impact assessment that allows the estimation of site-specific marginal external costs, which is in turn required to implement efficient pricing instruments. Appropriate models, that support the standardised implementation of the complex impact pathway methodology with a reasonable effort, are available now especially for impacts caused by air pollution.

3.
General Approach for Quantifying Transport Externalities

3.1
The Impact Pathway Approach

Most early studies on transport externalities followed a top-down approach, giving average costs rather than marginal costs. But according to economic theory, marginal costs are required as adders to the price of transportation. Moreover, the impacts of transport activities are highly site-specific, as can most obviously be seen for noise: noise emitted in densely populated areas affects many people and thus causes much higher impacts than noise emitted in sparsely populated areas. The starting point for the assessment of marginal damages is the micro level, i.e. the traffic flow on a particular route. The marginal external costs of one additional vehicle are calculated for a single trip. Only a detailed bottom-up approach meets the requirements of quantifying marginal costs considering technology and site specific parameters.

The Impact Pathway Approach developed in the EC funded ExternE Project meets these requirements. Figure 1 illustrates the models used for quantifying impacts due to airborne pollutants. It can be transferred to other impact categories such as noise, accidents etc. For impacts due to airborne emissions the chain of causal relationships starts from the emission of a burden through transport and chemical conversion in the environment to the impacts on various receptors, such as humans, crops, building materials or ecosystems. As far as possible, welfare losses resulting from these impacts are transferred into monetary values. Based on the concepts of welfare economics, monetary valuation follows the approach of ‘willingness-to-pay’ for improved environmental quality.

It is important to note, that, although marginal costs are estimated, the emissions from all other sources and the background concentration influences the marginal change in concentration and deposition of the primary and secondary pollutants caused by the additional emissions; so all emissions and the resulting concentrations have to be accounted for in the framework. If emissions of pollutants and noise that occur in the future (or the past) have to be assessed, scenarios of the emissions and concentrations of pollutants at that time have to be used.
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Figure 1 
The Impact Pathway Approach for the quantification of marginal external costs caused by air pollution and noise
The impact pathway methodology has been used in a large number of research projects and policy application related studies. In spite of still significant uncertainties in some areas, the Impact Pathway Approach is widely recognised now as the most reliable tool for environmental impact assessment that - in contrast to other methodologies - allows the estimation of site specific marginal external costs, which is required to implement efficient pricing instruments. Appropriate models are available now (see below) that support the standardised implementation of the complex impact pathway methodology with a reasonable effort.

The marginal externalities quantified are the starting point for calculating externalities on higher aggregation levels as described below.

3.2
Generalisation of Results

External costs are highly site-specific, i.e. the impacts depend on the population density close to a road, the wind speed and wind direction, etc. In ExternE Transport three categories of locations could be identified with considerable variations in marginal external costs: agglomeration (e.g. Paris, F), urban area (e.g. Barnsley, UK) and extra-urban locations (e.g. Tiel, NL). Quantifiable external costs caused by air pollution in Paris are about six times higher than in Barnsley.

External costs are also highly dependent on the transport technologies. As an example for partial results, Figure 2 illustrates the variation of marginal external costs per vehicle kilometre caused by air pollution for a specific road and typical cars with different technologies.
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Figure 2 
Marginal external costs of airborne emissions due to 1 trip from Stuttgart to Mannheim by passenger car (different technologies); TWC = Three-way catalyst; (source: ExternE Transport)
The procedure of calculating marginal externalities requires a considerable input of data and time. Hence it is impossible to carry out a detailed assessment for all route segments throughout Europe. Instead, results of selected case studies can be generalised. Based on a sample covering all relevant road types, vehicle types and locations in Europe, it is possible to derive equations for quantifying externalities. These equations express the relation between parameters like population density close to a route, vehicle emissions, etc. and the resulting external costs. 

3.3
Aggregation

Depending on the policy question to answer, transport externality information is required on different levels of aggregation. For instance, if a petrol fuel tax is planned, the average external costs due to the use of one litre of petrol have to be known. If charging the use of motorways (per kilometre or per year) is considered, the average external costs have to be provided for a vehicle of a certain category per kilometre or per year. Furthermore, total external costs of a whole transport system can be of interest, e.g. for purposes of green accounting.

To avoid inconsistent or even contradictory decisions on different policy levels it is important that the externality data used for decision making are consistent. To ensure consistency, cost estimates should be based on the same approach for all aggregation levels. As mentioned above, site-specific marginal external costs of different vehicle technologies are the starting point of the aggregation procedure. In the next step these marginal external costs can be aggregated for road types or vehicle technologies or both.




Figure 3 
Road vehicle hierarchy
Figure 3 illustrates possible lines of aggregation for road vehicles. Starting point are the marginal external costs of a petrol car without catalyst. If the marginal costs of an average petrol car have to be known, these can be calculated either as weighted average of the external costs of petrol cars without catalyst, with open loop catalyst and with closed loop catalyst or by applying the Impact Pathway Approach to a petrol car with an average emission factor. The total external costs due to petrol cars can be calculated by using the spatial distribution of total annual emissions of petrol cars. Analogously, aggregation can be carried out for road networks as illustrated by Figure 4.
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Figure 4 
Road type hierarchy
Estimates for higher aggregation levels are being derived based on marginal costs. The resulting framework of estimates ensures compatibility of data on all levels of aggregation.

Important input for the aggregation exercise is the quantitative knowledge of the traffic flows on the transport network being analysed. Data required range from O/D data relevant to specific route(s), or corridor(s) (such data can normally be made available through site-specific surveys) to data at the aggregated level for the geographic unit considered (a country, a region, etc.) (usually available from the national or regional statistical systems). In both cases, data must be disaggregated by vehicle technology. Occupancy rates are further needed to convert vehicle-related data into passenger-related data and vice-versa.

4.
Impacts due to Air Pollution 

4.1
Emissions/burdens

As the Impact Pathway Approach is able to answer questions on different aggregation levels, different methods for emission modelling may be applied, depending on the scale of the analysis. Below, the availability and applicability of emission models for the different transport modes road, rail, ship and air transport are described briefly.

For comparisons between modes, the system boundaries considered are very important. For instance, when comparing externalities of electric trains and passenger cars, the complete chain of fuel provision has to be considered for both modes. Obviously, it makes no sense to treat electric trains as having no airborne emissions from operation. Instead, the complete chain from coal, crude oil, etc. extraction up to the fuel consumption has to be taken into account.

Emissions of air pollutants are often transported over hundreds of kilometres, before they finally cause damage to human health or the environment.  Although the marginal change in concentration decreases rapidly with increasing distance from the source, a substantial share of total damage occurs far away from the source, as the number of impaired persons, materials or plants increases at the same time.

4.1.1
Road transport

Emission factors based on the ‘average-speed’ model (MEET -‘Methodologies for estimating air pollutant emissions from transport’, EU-DG7, see LAT 1998), the ‘instantaneous emission approach’ (UBA handbook, see INFRAS 1995), drive-cycle averages or reconstruction (ESTEEM project - DG12-JOULE: see European Commission 1998b) are currently in use. Parameters like average speed and traffic situation as well as road gradient on distinct road links, load for heavy goods vehicles and vehicle mileage for catalyst cars are considered. Cold-start emissions should be taken into account in cities. Of course, emissions from vehicles also depend on the weather, as driving patterns change if it is raining or snowing and as emissions depend on the outside temperature. However, as long it is not planned to implement weather-dependent prices, it is sufficient to estimate values that average over the different weather conditions.

In view of a Europe-wide application of the impact-pathway approach, the data given by the MEET project is the most recent source of information which incorporates measurements from 4 different laboratories throughout Europe. MEET’s results will also be fully incorporated in updates of the CORINAIR (‘Co-ordination d’Information Environmental -Air’)/ COPERT (‘Computer Programme to Calculate Emissions from Road Traffic’) activities carried out on behalf of the European Environment Agency’s European Topic Centre on Air Emissions in the future (Kyriakis, Samaras et al. 1997).

Emission factors derived from measurements on representative samples of vehicles are limited to technologies complying to the EURO I standard (91/441/EEC). Predictions of the UBA handbook, CBS emission factors/scenarios of the Auto/Oil project (Dings 1996), and MEET for more recent and future standards have been subject to comparison (see e.g. Schmid 1998). They turned out to differ widely between methodologies. Due to the questions targeted until now and the site-dependency of impacts, large-scale emission prediction tools like FOREMOVE (‘Forecast of Emissions from Motor Vehicles’)/CASPER (‘Calculation Scheme to Predict Emissions into the Air’) have not been used in the impact-pathway-approach so far. 

4.1.2
Rail transport

For the Impact Pathway Approach, diesel and electric trains are basically distinguished through their air pollutant emission characteristic, designated as ‘direct’ and ‘indirect’ emitting. Diesel trains are treated as line emission sources with the same dispersion models as road transport, while electric trains are assessed by their energy consumption in relation with the external costs per kWh of the supplying power plant mix. The most recent emission factors/energy consumption functions are compiled by MEET. 

4.1.3
Ship transport

Emission factors for ships are given by MEET for a number of ship types, engine type classes and fuels, distinguishing five operating modes. For inland waterway shipping, emission factors have been recently compiled (see Dorland and Olsthoorn 1998).

4.1.4
Air transport

Emission factors for aircraft engines are based on engine certification data and are available from the ICAO Engine Exhaust Emission Database (ICAO 1995). Emission indices, which give emission factors per aircraft category and different operation modes, are compiled by MEET based on ICAO data. Average emission factors for aircraft by airline fleet composition, and different operation modes have also been developed (Graf and Schmid 1998).

4.1.5
Emissions due to up- and downstream processes

For certain questions, e.g. the decision whether to invest in additional road or railway infrastructure or not, it is important to consider not only emissions due to the operation of vehicles, but in addition emissions due to up- and downstream processes (e.g. throughout the fuel cycle, or in the maintenance of infrastructure). Emission data for up- and downstream processes are available which can be used to quantify impacts and external costs with the Impact Pathway Approach.

4.2
Concentrations.

4.2.1
Road transport

To obtain marginal external costs, the changes in the concentration and deposition of primary and secondary pollutants due to the additional emissions caused by an additional vehicle trip have to be calculated. The relation between concentration and emission of pollutants is highly non-linear. So, air quality models that simulate as well the transport as the chemical transformation of pollutants in the atmosphere have to be used for the impact pathway approach. Of course, the results of air quality models, i.e. the concentration fields, depend on the weather situation. Also, deposition mechanisms may be affected by weather conditions. However, as long as it is not planned to implement weather-dependent prices, it is sufficient to calculate average concentration changes regarding the frequency of the different weather conditions. Depending on the range and type of pollutants considered different models are in use.

a) ROADPOL is a Gaussian dispersion model (Vossiniotis et al., 1996), which estimates pollutant concentrations due to linear sources. It consists of a short-term model (ROADPOL-ST), which calculates short term average concentrations for worst case scenarios, and a long-term model (ROADPOL-LT), which uses meteorological data that have been summarised into joint frequencies of occurrence for particular wind speed classes, wind direction sectors and stability categories and calculates seasonal or annual concentrations. Both models simulate line sources and are able to calculate concentrations of pollutants caused by a network of line sources. The main input variables are wind speed velocity, wind speed direction, atmospheric stability class, emission rates per meter, co-ordinates of road segments and receptors. 

b) The Wind rose Trajectory Model (WTM) (Trukenmüller and Friedrich, 1995) is used to estimate the concentration and deposition of acid species on a European scale. WTM is a user-configurable Lagrangian trajectory model based upon a climatological approach that was first used by Derwent and Nodop (1986). The model differentiates between 24 sectors of the wind rose, such that from each sector a straight-line trajectory arrives at the receptor point. Concentrations at the receptor point are obtained by averaging over the results from these trajectories, suitably weighted by the winds in each 15° sector.

c) The  Source-Receptor Ozone Model (SROM) which is based on source-receptor (S‑R) relationships from the EMEP MSC-W oxidant model for five years of meteorology (Simpson et al., 1997) is used to estimate ozone concentrations on a European scale. Input to SROM are national annual NOx and anthropogenic NMVOC emissions data from 37 European countries, while output is calculated for individual EMEP 150x150 km2 grid squares by employing country-to-grid square matrices. To account for the non-linear nature of ozone creation, SROM utilises an interpolation procedure allowing S-R relationships to vary depending upon the emission level of the country concerned (Simpson and Eliassen, 1997, Appendix B).

d) To address the issue of pollutant dispersion and concentration at the local scale, the MLuS (leaflet about air pollutants on roads) can be used: it is a static regression model based on concentration measurements close to three German motorways. This model is designed for a scale up to 200 metres from the motorway and for non-reactive pollutants. The concentration gradient is given as a function of the distance from the road.

The ECOSENSE model, an integrated impact assessment model developed within ExternE, integrates a)-c) of the above models together with databases covering receptor data (like population, land use etc.), meteorological data and emission data for the whole of Europe. Together with dose-response functions and monetary values stored in EcoSense, physical impacts and resulting (marginal) damage costs can be calculated within a consistent modelling framework, taking into account the information on receptor distribution. Impacts due to a point or line emission source are taken into account on a European scale, i.e. the dispersion of pollutants and related impacts are followed up throughout Europe. The QUITS project (European Commission 1998a) has developed a procedure for the integration of ECOSENSE and MLus, ensuring continuity and consistency in space.

The consistent use of the same regional impact model to calculate airborne emissions from all transport modes is recommended, so as to ensure the comparability of the results across modes.

4.2.2
Rail transport.

Electrified rail traffic only produces air emissions from power plants as a point source. Thus the country specific fuel mix used to generate the electricity for the railway system or railway companies has to be considered. The modelling approach for rail traffic emissions is consequently similar to the energy sector.

Impacts due to diesel trains can be quantified with the same approach as road transport vehicles with internal combustion engine.

4.2.3
Air transport.

In the past, in lack of appropriate dispersion models often it was assumed that all the air pollutants are emitted at the two airports of origin and destination, neglecting the emitting character of line sources. On this assumption, models similar to those used for road pollutant dispersion can be applied. In the ExternE project a global ozone model has been integrated for the assessment of air traffic impacts.

4.2.4
Urban transport.

The valuation of air pollution impacts in urban areas usually follows the same methodology as for interurban. Nevertheless, an important modification must be introduced concerning the dispersion of emissions, due to the specific characteristics of traffic in between high or dense development of buildings as is typical of urban situations.

Specific models of dispersion (e.g. IMMIS-Luft and STREET) are often used in order to simulate dispersion of emissions produced by road traffic in between street-canyons. These models are particularly adapted to the urban situation, as they allow to choose between different forms of development of buildings (porosity) for a given link or for a whole urban network (IMMIS-net)

They are designed to process data about concentration and deposition of atmospheric admixture related to conditions during emission, to physical and chemical processes during transmission and to meteorological and topographical influences.

Screening-models then calculate the additional atmospheric pollution caused by dispersion of harmful substances (the results are typically added to the known data on background pollution, so as to provide total pollution indicators). 

In addition to the use of a local dispersion model, the regional dispersion and the formation of secondary pollutants can be calculated in a similar way as for interurban transport.

4.3
Impacts

Concentrations then translate into impacts through the application of dose-response functions, which relate changes in human health, material corrosion, crop yields etc. to unit changes in ambient concentrations of pollutants. The term ‘dose-response’ often is used somewhat loosely, as what is meant is the response to a given exposure of a pollutant in terms of atmospheric concentration, rather than an ingested dose. Hence the terms ‘dose-response function’ and ‘exposure-response  (E-R) function’ should be considered comparable.



Figure 5 
A variety of possible forms for dose-response functions 
E-R functions come in a variety of functional forms as illustrated in Figure 5. They may be linear or non-linear and contain thresholds (e.g. critical loads) or not. Those describing effects of various air pollutants on agriculture have proved to be particularly complex, incorporating both positive and negative effects, because of the potential for certain pollutants, e. g. those containing sulphur and nitrogen, to act as fertilisers.

Ideally, these functions and other models are derived from studies that are epidemiological - assessing the effects of pollutants on real populations of people, crops, etc. This type of work has the advantage of studying response under realistic conditions. However, results are much more difficult to interpret than when working under laboratory conditions, where the environment can be closely controlled. Although laboratory studies provide invaluable data on response mechanisms, they often suffer from the need to expose study populations to extremely high levels of pollutants, often significantly greater than they would be exposed to in the field. Extrapolation to lower, more realistic levels may introduce significant uncertainties, particularly in cases where there is reason to suspect that a threshold may exist.

Applicable exposure-response functions describing the impacts on human health, building materials, and crops are available for a range of pollutants, such as primary and secondary (i.e. nitrates, sulphates) particles, ozone, CO, SO2, NO2, Benzene, etc. (see Friedrich et al. 1998). The following table gives some illustration for such exposure-response functions. For more detailed background information on exposure-response functions see European Commission (1995).

Table 1: Quantification of selected human health impacts. The exposure response slope, fer is valid for Western Europe and has units of cases/(yr-person-µg/m3).
Receptor
Impact Category
Reference
Pollutant
fer 1

ENTIRE POPULATION





Respiratory hospital admissions (RHA)
Dab et al, 1996

Ponce de Leon et al, 1996
PM10,

Nitrates, 

PM2.5,

Sulphates

SO2 

O3
2.07E-6

2.07E-6

3.46E-6

3.46E-6

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
Benzene

Benzo-[a]-Pyrene

1,3 butadiene

Diesel particles
1.14E-7

1.43E-3

4.29E-6

4.86E-7

Source: Friedrich et al., 1998

Damages due to climate change are one of the most important categories of fossil fuel emission related damages, but also amongst the most uncertain and controversial. The impacts of incremental climate change due to emissions from the European transport sector are global in range. Moreover they will extend over many generations and a very wide range of resources and human activities. The Inter-Governmental Panel on Climate Change (IPCC) has undertaken detailed analyses of the science of climate change, the physical impacts and potential responses and the socio-economic dimensions. Climate damage models consider effects of a climate change on agriculture, health damages and benefits, energy use, water availability etc. on different scales. Even though the results from such models have to be interpreted very cautiously, it is possible to make quantitative estimates for different scenarios. Estimates consistent with the ExternE methodology have been derived in ExternE. However, the uncertainty range of the currently available damage estimates is very high.

4.4
Calculation of the marginal costs of air pollution

To illustrate the application of the exposure-response functions and the calculation of marginal external costs, following an example is given for the damages due to PM2.5 (particulate matter with a diameter of up to 2.5 mm) emitted by a diesel car on a trip from Stuttgart to Mannheim. For emission calculation - taking into account road type, traffic situation and road gradient - the route of 131 km in total is subdivided into 341 sections. After modelling ambient pollutant concentrations, the impacts can be calculated applying exposure-response functions. For the physical endpoint „Number of Respiratory Hospital Admissions„ the following exposure response function can be applied to the number of persons exposed to the additional concentration:

Number of Respiratory Hospital Admissions = 3.46 E-6 * DPM2.5 * Population

with

DPM2.5
= increment in ambient concentration due to additional emission of PM2.5 

Population
= population exposed to incremental PM2.5 concentration

The resulting number of hospital admissions due to 1 trip from Stuttgart to Mannheim by diesel Car is 
7.0 E-8.

Multiplied by the monetary value of 7870 ECU per hospital admission, the damage costs for this exposure-response function due to one trip are 0.55 E-3 ECU. Of course, this has to be added to the marginal external costs resulting from other health endpoints, material damages and crop losses.

5.
Noise Externalities

5.1
Noise disturbance levels

Noise is unwanted sound or sounds of duration, intensity, or other quality that causes physiological or psychological harm to humans. Because of the complexity of noise, objective burdens are difficult to evaluate: the perception of sound as noise differs from person to person, from moment to moment; it depends on the frequency involved, the sonar energy and its duration and regularity. For the assessment of noise disturbance several methods have been developed to integrate these variables to a single indicator. Commonly the unit dB(A) is used.

Noise models are often used for transport infrastructure investment planning across European countries. Although the parameters of these models vary from one country to the other, their structure is similar. The pragmatic approach is to determine a base noise level (Leq = equivalent sound level) that is measured, in dB(A), at a particular distance to the emission source as a function of traffic volume and traffic mix. This base noise level is then adapted through additive terms in order to describe the influence of additional vehicles, traffic mix, and permissible speed as well as the influence of link characteristics and the structure of the surrounding area.

5.2
Dispersion

Dispersion is then analysed and its effect on perception computed by subtracting from the Leq estimate a factor related to the distance of the exposed population from the source/site. Tunnels are usually assumed to reduce noise emissions to zero.

The shape of the function describing the relationship between noise level and traffic volume of these models is consistent with the perception of sound by the human ear, whereby the corresponding sound energy is observed to be logarithmic. This property of sound causes the volume measured at a road, railway track or airport to grow decreasingly with the current traffic volume.

The valuation of noise generated by rail traffic follows a similar approach, with the L values expressed in dB(A) depending on traffic characteristics (number, length and mix of trains, speed, braking system), track characteristics and terrain characteristics (existence of noise barriers, density of surrounding vegetation). 

For air transport, only the noise emitted in the airport surroundings during take-off and landing of civil airlines is usually considered, and evaluated on a case by case basis according to technology, size and typology of aircrafts, as well as the design of paths for take-off and approach.

5.3
Calculation of the marginal costs of noise

The compulsory starting point for the calculation of marginal costs is the cost function, whose derivative with respect to the traffic volume (measured in number of vehicles) is, by definition, the (marginal) cost induced by one additional vehicle entering the system. 

However, given the complexity of noise and, in particular, the subjectivity of its perception and of the damage it imposes upon people, the impact pathway approach hardly allows to derive a comprehensive cost function, i.e. one that accounts for both the health costs and those related to the loss of amenities. The functional form of the cost variation with respect to the level of noise (in dB(A)) is therefore often approximated by interpolation of WTP values. As expected, such functional forms show that cost values increase with the level of sound exposure.

The procedure for marginal cost calculation can then be summarised as follows:

Assessment of the level of sound (L). L is a logarithmic function of the traffic volume, implying that the noise level inhabitants are exposed to is decreasingly growing with the traffic load.

Typically, L can be expressed as:

L = a1 + a2 Log[Q(1 + a3 p)] + S D

where:

· a1, a2, a3  are constants

· Q is the traffic volume

· p is the share of HGV in the traffic volume

· D are additive correction factors allowing to take into account the nature of the road and the value of the permitted speed (the calculations presented here assume that all vehicles travel at the permitted speed, therefore neglecting the effect of speed/flow relationships)

The cost function C, derived from the intrapolation procedure as described above, is typically of an exponential form, and can therefore be expressed - per each affected individual - as follows:

C = b [exp(l(L - L0) - 1]

where:

· b, l are coefficients

· L, measured in dB(A), is the sound level to which people are actually exposed

· L0, also measured in dB(A), is the threshold beyond which noise is considered to be a disturbance (for sound levels lower than L0, the noise cost is equal to zero). L0 is usually set by national legislation, based on technical assessments.

In summary, substituting L in the latter expression with the above functional form, we obtain:

C = b (exp [(1 + 2 Log (Q(1 + 3 p)) +  D) - L0] – 1}

The derivative of C with respect to Q is therefore of the form:

MC =  Qn
where:

· MC is the marginal cost of noise

·  is a function of the threshold L0, and of other parameters such as the height h and the distance s used as reference for exposure measurements. Its values are positive.

· n can be expressed as a non-integer function of , and therefore also varies with L0 .

Clearly, depending on the actual shape of the cost function derived from the WTP values, and on the level of L0, MC may increase or decrease with Q. To overcome such an uncertainty, approaches using dose-response functions to quantify the impacts, including premature mortality and morbidity due to noise-induced hypertension and amenity losses, should be used as soon as the available dose-response-functions are proven to be reliable enough.

6.
Other externalities

Of course, there are a number of other environmental externalities, which have not been treated here in detail (e.g. water and soil pollution by water runoff, severance effects, damages to natural ecosystems, visual impacts etc.). Methods to value these externalities are partly available for selected local impacts; however methods to analyse larger areas are less advanced - compared to air pollution and noise - and should be further developed.

For what concerns e.g. water pollution, calculations can be carried out of the impact on drinking water, based on the estimation of the volume of drinking water which can be polluted in relation to the critical volume of pollutants. The monetary valuation is then derived by straightforward application of the drinking water market prices. Salt damage caused by de-icing can be calculated in a similar way. 

For what concerns the negative impact of ground vibrations generated by traffic, a procedure similar to that adopted for noise valuation can be followed.

Externalities due to water pollution, land use, use of non-renewable resources and severance effects were reviewed by Bickel and Friedrich (1995) with the result that the quantifiable external costs are smaller than the costs of airborne emissions, noise and accidents.

7.
Monetary Valuation

7.1
Compensation concepts

Assuming that the appropriate impact is identified, its monetary value should then be appraised. In general, market prices do not exist for externalities, or are not suitable for the different impacts. The valuation will then be based on the Hicksian concepts of compensating and equivalent variation.

The compensating variation (CV) measures changes in welfare starting from the welfare level before implementation of the measure concerned (i.e. what is the willingness to pay for a future improvement, or what is the willingness to accept compensation for a future deterioration), while the equivalent variation (EV) measures changes in welfare starting from the welfare level after implementation of a measure (i.e. what is the willingness to pay for the removal of an existing impairment, or what is the willingness to accept compensation for renouncing to an existing benefit)

For what concerns long-term effects of environmental nuisances, a discount rate is normally applied to account for future changes in individual preferences (see Section 7.3 The issue of discounting below).

7.2
Monetary valuation methods

7.2.1
WTP and WTA

Depending on whether the measure induces an increase or decrease in welfare, the question arises of willingness to pay (WTP) or willingness to accept compensation (WTA). The CV asks for the WTP - starting from the status quo - in the case of an improvement, and for the WTA in the case of a deterioration in environmental quality. Since cost-benefit analyses normally start from the status quo, the CV concept is generally used. The benefits of an environmental improvement, for example, are thus normally measured against the WTP of the population for this measure, the benefit losses in the case of an environmental deterioration correspondingly measured against the WTA. The CV concept, because of its orientation towards the status quo, is easier to grasp intuitively than the concept of EV. Yet, both of these concepts are valid.

WTP and WTA can be measured either directly or indirectly. Direct methods measure the willingness to pay for environmental goods by surveys, while indirect methods derive the willingness to pay from observed market data. Direct methods measure stated preferences (hypothetical markets) while indirect methods measure revealed preferences (surrogate markets).

7.2.2
Direct methods

In stated preference (SP) methods, a number of hypothetical scenarios are described to individuals, which then rank the options and express their preferences. Several studies use the contingent valuation method. It uses surveys that describe a specific situation with a certain level of environmental quality, asking the respondents for their WTP for a specific improvement, or the necessary compensation for a worsening (WTA). The advantage of contingent valuation studies is that it covers all costs and benefits which are relevant for peoples’ WTP or WTA. This is especially important for goods that are not traded on markets, e.g. the preservation of specific ecosystems or species. The disadvantage is that values are based on what people say and not on their observed market behaviour.

Results of contingent valuation studies can be biased for a lot of reasons. Forms of biases are the strategic bias, the starting point bias, the interviewer bias, the social norm bias, the payment vehicle or instrument bias, the hypothetical bias, the non-response bias and the whole-for-one-bias. However, with a careful design of the questionnaire used, these biases can be avoided or reduced. 

7.2.3
Indirect methods

Revealed preferences (RP) are indirect methods based on the observation of people’s behaviour in actual markets where the external effect to be valued has an influence on their choice. These methods are therefore relying on the concept of surrogate markets and can be considered appropriate in situations where such surrogate markets exist for a certain externality. The advantage of the methods is that they are based on real market behaviour, the disadvantage is that they may not cover all aspects which are relevant for the WTP of people. For example, the WTP for the protection of whales may be substantially higher than is expressed by the market demand for whale watching tours and by charity contributions to preservationists’ organisations. These methods are therefore more suited to local problems with direct impacts on individual health or well-being, like noise or noticeable pollution, as opposed to effects which are global and not well known.

An often used RP method is hedonic pricing, where the influence of the non-marketed good (e. g. noise or air pollution) on prices of marketed good is analysed. A good example is housing. The price of housing will vary with house size, amenities or proximity to employment. In addition, environmental characteristics may influence the price. In areas with traffic noise and air pollution prices will be lower. The association between environmental factors and housing prices can be used to infer the value of a better environment. 

Other indirect methods include the calculation of travel cost, avoidance cost, lost production and lost income:

· Travel cost approaches value recreational sites (forests, parks) by using travel costs as a measure of people’s WTP for natural areas. While appropriate to estimate the value for users of a certain site, this method does not consider the WTP of non-users.

· Avoidance cost approaches consider only investments that have already been realised to internalise external costs (e.g. investments in noise protection as an approximation for people’s WTP to reduce noise nuisance). Since people may suffer from noise nuisance even after such investments have been done, other methods have to be used to measure the remaining externalities.

· Examples for calculating losses of production and income are crop losses due to air pollution and decreasing fish catches due to polluted rivers and seas.

All above methods are practicable. Selecting the most appropriate depends on the nature of the externality being valued, on the policy perspective, and on the cost effectiveness of data gathering. Also, careful survey design is a fundamental prerequisite for a successful WTA/WTP study.

7.3
The Issue of Discounting

Environmental effects in some cases pertain far into the future. There is - similar to the approach of estimating investment profitability - a consensus that consequences occurring in the future should be given a different weight than consequences occurring today, they should be discounted. This means a cost or benefit of X EURO appearing in the year T has a capital value of X/(1+r)T, referred to the present year t = 0. However, how to determine appropriate discount rates r for public and long-term decisions does not lead to an unequivocal solution.

Regarding discount rates as the expression of the rates of time preference, they can be separated into a component of pure rate of time preference (disregarding income or welfare effects from present to future) and the growth-related component of discounting. The latter consists (in the social perspective) of the per-capita growth rate of an economy, multiplied by the elasticity of the marginal utility of consumption (that is usually assumed as one).

As a basic principle, discount rates used for evaluating environmental damage should not be different from those used for assessing investment decisions in social cost-benefit-analysis. In most circumstances, this rate is, quite properly, lower than the discount rate observed in normally functioning capital markets. The exact value to be used however is a matter of debate, real values between 3% and 9% have been proposed, with a median at about 4  to 5%.

For long term impacts (or investments) extending to more than one generation, it is often argued that lower values should be used, as the individual time preference is influenced by the limited individual life time, so that the interests of future generations may not be fully reflected in the current discount rates.

This argument is further strengthened if one accepts the assumption that the average long-term economic growth is lower than the growth observed in the last decades in Europe.

Furthermore, it can be argued, that an increase of income in the future might lead to a shift in the relative utility of goods in the sense, that a better environment or health gains in importance relative to market goods. This could be implicitly included by decreasing the discount rate used for environmental and health damage. However, it is better to treat this argument separately by explicitly introducing increases in the monetary values of future environmental impacts.

With regard to the impact pathways, that should be analysed, the value of the discount rate is especially important for evaluating chronic diseases and mortality, as these impacts may occur up to 30 or 40 years after exposure. For very long term impacts impairing future generations, e.g. global warming or loss of biodiversity, the uncertainties associated with the exposure-response-relationships and future monetary values are currently so high, that other (e.g. shadow pricing) methods, should preferably be used; this reduces the need to define long term (intergenerational) discount rates.

7.4
Monetary valuation of mortality and morbidity

The economic value of a health risk is the amount an individual is willing to pay to avoid a risk, e.g. revealed by market behaviour, or the amount for which the individual would be willing to accept the risk. The value of statistical life (VSL) is used in economic studies as a measure for welfare losses caused by risks to life. Mathematically, average WTP for a reduced mortality risk is divided by the risk reduction being valued (and, if this WTP refers to a risk for a group of more than one single person, also by the number of persons). E.g. if the average WTP for a risk reduction of 1 in 10,000 is 300 EURO, the resulting VSL is 300 EURO divided by 1/10,000, that is 3 million EURO.

Though the valuation of mortality is often criticised from an ethical standpoint for putting monetary values on human lives (it is e.g. stated that people would value a certain human life infinitely high), reality shows that both public decision-makers and people themselves weigh the costs and benefits of investments in e.g. safety devices. And this very economic behaviour of people is the object of research in studies valuing risks to life and health. Values of mortality and morbidity risks are derived from individual preferences.

It is important here to emphasise that this value of statistical life represents an ex-ante perspective (that is, it refers to the statistical risks before the damage takes place), and not an ex-post perspective, i.e. it is not a measure for the life of a known individual or a certain death.

To avoid a misinterpretation of the „value of a statistical life“ (that has nothing to do with the ethical value of a human being), it is now discussed to refer this valuation of an ex-ante risk reduction not to one „statistical death“ but to a difference in risk probability of 10-6 instead. This is called Unit Risk ValueDeath  (URVD). This value can be interpreted as a willingness-to-pay to reduce one’s own mortality risk (e.g. per year) by p = 10-6 or, in the other direction, a willingness-to-accept an increase in risk by the same amount. This standard reference value of p is chosen because it represents a realistic order of magnitude for mortality risks per year that matter in individual or public decisions.

However, it has been questioned, whether it is appropriate to value all mortality risks with a uniform VSL, disregarding the loss of lifetime related to the risk. For example, it appears not justifiable to value the risk of premature death due to an increased PM10 concentration with the same value as the risk of dying in a traffic accident. While in the first case the average loss of life time is 9 months (i.e. mostly old persons with impaired health are affected), the age of an average traffic casualty victim is about 40 years, implying a loss of about 30 years of life time. Furthermore, additional increases in concentrations of pollutants might not only lead to impacts on additional persons not impaired before but also to a further reduction in lifetime by persons with already reduced life expectancy. In the latter case the use of the VSL approach will lead to inconsistencies.

Thus, a new approach of evaluating chronic mortality impacts has been applied during the ExternE Project (that can actually be interpreted as a refinement of the VSL approach, because it is based on the latter). Here the units to be evaluated are the „years of life lost“ (YOLL) and not the „additional death cases“. The corresponding monetary value is the „value of a life year lost“ (VLYL). Since empirical values for a statistical life year lost are not directly available, this approach has to use the observable average value of a statistical life and the estimated average further life expectancy of the population underlying these studies. The VLYL can be derived by dividing the VSL by the average life expectancy, taking into account the discounting of future life years. However, empirical research is still necessary to develop this approach further. The use of the VLYL approach implies that a risk of losing many life years is valued higher than a risk of losing one life year. 

Two important improvements of the VSL and VLYL approaches are currently subject of research:

· firstly, the relation between age and VSL or VLYL is examined;

· secondly, there are attempts to include the WTP to avoid risks imposed on friends and relatives.

As soon as usable results are available, they should be incorporated into the framework for assigning monetary values to risks.

In analogy to mortality risks, risks of morbidity impacts can also be estimated by using the contingent valuation method, the hedonic price analysis, and the human capital approach. Here HCA values are referred to as costs of illness (COI) - these values calculate medical treatment plus lost earnings. However, as these figures do not reflect the full WTP of a person to avoid morbidity it is recommended to use them in addition to estimates of pain and suffering.

As example, the following table shows monetary values for health effects applied in ExternE (price base 1995).

Mortality



  Value of Statistical Life (acute mortality)
3,100,000
EURO

  Value of life year lost (chronic mortality from PM10)



      for 3 % discount rate
84,400
EURO

Morbidity



Days of restricted activity
75
EURO

Chronic obstructive pulmonary disease
225
EURO

Hospital admissions due to childhood croup
223
EURO

Chronic bronchitis in children
225
EURO

Chronic cough in children
225
EURO

Respiratory hospital admissions
7,870
EURO

Days with respiratory symptoms
7.5
EURO

Non-fatal cancer
450,000
EURO





Occupational risks and diseases



  Severe occupational accidents / diseases
39 000
EURO

  Minor occupational accidents / diseases
3 400
EURO

7.5
Noise costs

In the special case of noise, WTP can be estimated through either the hedonic pricing method (e.g. applied to the real estate market) or the contingent valuation method (disturbance cost) and variations thereof, such as avoidance cost: both techniques are appropriate for valuing welfare losses caused by noise nuisance, although the former is the most commonly used (an overview of methods can be found e.g. in Kail et al. (1998)).

Noise costs per capita are derived by setting the noise levels (as a function of traffic volume) into a continuous noise cost function. The cost function is estimated as an exponential function of noise exposure exceeding a given technical threshold (corresponding to the level beyond which noise is considered to be perceived as a disturbance). This assumes that such thresholds have been defined. Usually, they are set to be ca. 55 dB(A) during daytime and 45 dB(A) at night, which can be used as common values for Europe. For rail noise, it is generally agreed that such thresholds are higher (of 5dB(A)), considering that rail noise is perceived as less harmful to the human ear than the equivalent level of road noise. This adjustment is however compensated, in some cases, by the option of incorporating the vibration effect into the evaluation of noise. The inputs for the noise level function are provided by transport models. Applying this cost function to every inhabitant affected by the investigated transport infrastructure for a given period of time then leads to the total costs of traffic noise, and the derivative of this function yields the value of the marginal costs of noise.

8
Consistency of approaches used in different modes

In general, the Impact Pathway Approach (IPA) can be applied to all modes. The quantification of marginal external costs uses the same methodology and models, whether pollutants are emitted from a road vehicle, a diesel train or a barge. Even the case of electric traction is covered by the IPA, having ready appropriate models for point emission sources to assess impacts due to power plants. For aircrafts, low altitude emissions, especially for the LTO (landing and take-off) cycle, can be treated with the same instruments, only species emitted while cruising in high altitudes require larger scale models. The relevant methodology is being developed in the ExternE Project and will be available shortly. Whereas for airborne pollutants, the impact mechanism is the same for all emission sources, for noise impacts different properties of the emission sources have to be considered. Whereas roads usually cause a rather constant noise level, noise from railway lines and airports is characterised by single events with high noise levels, which should be taken into account. 

It can be concluded that the approaches recommended here for the different modes are consistent.

9.
Uncertainties and Gaps

The process of quantifying external costs involves considerable uncertainties, which arise from a number of sources, including:

· the variability inherent in any set of input data used for estimating external costs;

· extrapolation of data from the laboratory to the field;

· extrapolation of exposure-response data or results from contingent valuation studies from one geographical location to another;

· assumptions regarding threshold conditions;

· lack of detailed information with respect to human behaviour and tastes;

· assumptions like the selection of discount rate;

· the need to assume some scenario of the future for any long term impacts.

Generally speaking, the largest uncertainties are those associated with impact assessment and valuation, rather than quantification of emissions and other burdens. Furthermore, there are gaps, i.e. damage categories, where information e.g. on monetary valuation or exposure-response-relationships is lacking, so that no external cost estimated can be provided.

This means that the outcome of the use of the methods described here is not one specific value describing the external costs with certainty, but rather a range, within which the true value lies with a certain probability. So, a user that wants to know the value to use for a certain instrument, i.e. a fuel tax, will have to decide under uncertainty which value among the range to fix. 

Despite these uncertainties, the use of the methods described here is seen to be useful, as

· the knowledge of an order of magnitude of the external costs is obviously a better aid for policy decisions than the alternative – having no quantitative information at all;

· the relative importance of different impact pathways is identified (e.g. has benzene in street canyons a higher impact on human health as fine particles?);

· the important parameters or key drivers, that cause high external costs, are identified;

· the decision making process will become more transparent and comprehensible; a rational discussion of the underlying assumptions and political aims is facilitated;

· areas for priority research will be identified.

Furthermore, uncertainties in external cost estimates mostly reflect the uncertainties in our knowledge about e.g. impacts from air pollution and noise. This is correct and not a deficiency of the methodology – a scientific method cannot transfer uncertainty into certainty.

Clearly, the Impact-Pathway Approach is the appropriate method to quantify marginal external costs. However, there are areas, where uncertainties are currently so high or where no quantitative information at all is available, so that even the order of magnitude of the damage cannot be estimated. Current examples might be the impacts of pollutants on natural ecosystems and biodiversity or the impacts of global warming. As these impacts should not be neglected in the decision making process, it could be considered to use other methods to get a monetary value that could be used together with the estimated external costs. A possible method is the use of shadow values. Shadow values are inferred from reduction targets or constraints for emissions and estimate the opportunity costs of environmentally harmful activities assuming that a specified reduction target is socially desired.

10.
Data availability

Methods and models highlighted above require the availability of a wealth of technical and statistical data, which are currently not systematically available. The main problematic issues are:

· Flow data as specified under Section 3.3 Aggregation are often only available through ad hoc surveys conducted for specific sites. The same applies to exposure data in general.

· Basic O/D data for freight transport are severely lacking at the whole European level.

· The current level of information for what concerns emissions generated by non-road transport and, for all modes, the appraisal of nuisances other than air pollutants (i.e. primarily: noise and accidents) is relatively low.

· Aggregation and transferability of data based on specific site dependent surveys raise the methodological issues outlined above under Section 3.2 Generalisation of results. In addition, this clearly prompts the need to optimise the allocation of resources dedicated to data collection, through e.g. the development of a baseline methodology for generalisation, drawing for instance from cluster analysis and multicriteria approaches.
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