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1 Introduction  

1.1  Background of the Handbook   

Overview of the study and other deliverables  

This updated Handbook on external costs of transport has been developed in the study ôSustainable Transport 

Infrastructure Charging and Internalisation of Transport Externalities õ commissioned by the European Commission 

DG MOVE, by a consortium led by CE Delft. The objective of this study is to assess the extent to which the ôuser 

paysõ and the ôpolluter paysõ principles are implemented in EU Member States and in other developed countries. 

This will allow DG MOVE to take stock of the progress of Member States towards the goal of full internalisation of 

external (and infrastructure) costs of transport and to identify optio ns for further inte rnalisation.  

 

The full list of deliverables of this study are:  

ñ Handbook on external costs ð version 2019 (current report ). 

Å This report provides an overview of the methodologies and input values that can be used to provide 

state-of-the-art estimates for all  main external costs of transport . Furthermore, the report and 

corresponding excel file present the total, average and marginal external costs for all relevant 

countries.   

ñ Overview of t ransport infrastructure expenditures and costs . 

Å This report provides an  overview of the infrastructure costs of all transport modes in all relevant 

countries.  

ñ Transport taxes and charges in Europe - An overview study of economic internalisa tion measures applied in 

Europe. 

Å This study provides an overview of the structure and level of transport taxes and charges applied for 

the various transport modes in the EU28 Member States (and the other relevant countries). 

Furthermore, this study presents the total revenues from transport taxes and charges for the various 

transport modes and countries.  

ñ The state of play of internalisation in the European transport sector . 

Å This report shows the extent to which external and infrastructure costs are internalised by current 

taxes and charges for all countries and transport modes.It also invest igates recommended options for 

further internalisation.  

ñ Summary report. 

Å Providing an overview of the main findings of the other four deliverables . 

 

 

In 2008 the European Commission commissioned the first Handbook on External Costs of 

Transport, as part of  the IMPACT study (Infras, CE Delft, ISI & University of Gdansk, 2008) . 

This Handbook presented the best practice on the methodology to estimate different 

categories of external costs of transport. Additionally, it provided an overview of state of 

the art input values (e.g. the value of time or the value of a statistical life) that can be 

used to produce estimations of external costs by users of the Handbook themselves. 

Finally,  the Handbook presented external cost figures (most ly presented in û/vehicle 

kilometre) , which can be used directly by the users.  

 

The 2008 Handbook focus was on marginal external costs of transport as a basis for the 

definition of internalisation policies ( in line with the marginal social cost pricing principle). 

It covered all main external cost categories, including air pollution, climate change, noise, 

accidents and congestion. The Handbook was based on the existing (up to  2007) scientific 

and expert work, mainly carried out at the EU level and withi n European countries. It was 
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reviewed by a panel of more than thirty experts, including experts who were designated by 

Member States.  

 

In 2014 the Handbook was updated with new developments in research and policy (Ricardo-

AEA, TRT, DIW Econ & CAU, 2014). Furthermore, the scope was broaden ed: next to the 

external costs of transport, infrastructure wear and tear costs for road and rail transport 

were covered as well. In line with the 2008 Handbook, the focus of the 2014 Handbook was 

on marginal external costs of transport. Next to the Handbook, an accompanying Excel file 

was produced, containing country specific estimates of the main external costs of road and 

rail transport.  

 

This Handbook is an update of the 2008 and 2014 version, taking into account any new 

evidence that has become available on the methods and input values (e.g. emission factors) 

for estimating external costs of transport in research and policy since 2014. This version of 

the Handbook does not only consider marginal external costs, as was the main focus of the 

previous Handbooks, but also total and average external costs of transport in all  

EU-countries, Switzerland and Norway. Furthermore, external cost figures for some  

non-European countries were produced to  compare them with the European figures.  

1.2  Objective  

The objective of this Handbook is to provide information on how to generate state -of-the-

art estimates for all main external costs of transport. This information is provided at three 

levels:  

ñ Methodological level : what are the state of the art methodologies to estimate figures 

for the various external costs of transport?  

ñ Input values : which input values (particularly at monetary terms, e.g. the value of time) 

are recommended to use to estimate  external costs of transport?  

ñ Output values : which default external cost values for different transport modes (and if 

meaningful, for different traffic situations) can be recommended?  

 

In this Handbook, state of  the art methodologies, input values and outp ut values for total, 

average and marginal external costs of transport are provided, both at the EU28 level as at 

the level of individual countries. This is done for all transport modes and all (main) external 

cost categories.  

1.3  Scope  

1.3.1  External cost categorie s 

This Handbook covers all main externalities of transport:  

ñ accidents;  

ñ air pollution ; 

ñ climate  change; 

ñ noise; 

ñ congestion; 

ñ well -to -tank emissions; 

ñ habitat  damage; 

ñ other  external cost categories (e.g. soil and water pollution).  
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Transport infrastructure cost s are not considered in this Handbook, as it is addressed in a 

parallel study carried out within the broader project on internalisation of external and 

infrastructure costs of transport (see the text box in Section  1).  

1.3.2  Transport modes  

This Handbook considers road transport, rail transport, inland waterway transport (IWT), 

maritime transport and aviation. Total and average cost figures are produced for the 

vehicle categories shown in Table 1. Furthermore, cost -specific differentiations o f the 

external cost estimates are produced when relevant (e.g. average/marginal air pollution 

costs of passenger cars are differentiated to Euro class).  

 

Table 1 ð Transport modes and vehicle types covered  

Road transport  Rail transport  IWT Maritime 

transport  

Aviation * 

- Passenger car 

- Motorcycle 

- Bus 

- Coach 

- LCV 

- Heavy Goods Vehicle 

(HGV) 

- High speed passenger train 

(HSL) 

- Passenger train electric  

- Passenger train diesel 

- Freight train electric  

- Freight train diesel  

- Inland 

vessel 

- Freight vessel 

- Ferry 

- Passenger 

aircraft  

 

*  Freight aviation is not considered in this Handbook, as the data to provide reliable figures on all external cost 

categories is missing. 

 

1.3.3  Geographical coverage  

For road transport, rail transport and IWT , input and output values are produced for all 

EU28 countries, Norway, Switzerland, Canada, US, and Japan. For Canada and the 

United States external costs are considered at the province/state level , i.e . California, 

Missouri (both US), British Columbia and Alberta (both Canada) 1.  

 

________________________________ 
1  Both for the US and Canada, a front  runner and laggard state/province with respect to the internalisation of 

external costs have been selected. For the US, California has been selected as a front runner state, among other 

things because fuel and vehicle taxes are among the highest in the US and broad enabling legislation for toll 

roads has been implemented. Furthermore, California is known for its progressive policies in the transport 

sector (e.g. regarding electric vehicles). Missouri, on the other hand, shows relatively low fuel and vehicle  taxes 

as well as limited road charging legislation, suggesting a low level of internalisation. For that reason, Missouri is 

selected a laggard state. According to Corporate Knights (2015), British Columbia can be regarded as the 

Canadian province with the  highest environmental performance for the transport sector, while Alberta is ranked 

lowest. Therefore, British Columbia (front -runner) and Alberta (laggard) has been selected as Canadian 

provinces in this study.  
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For maritime shipping and aviation, external cost figures (output values) are not provided a t 

the national/ state level, but at the level of individual (air )ports2. The selection of (air)ports 

considered in this study is given in Table 2. This selection is made based on the following 

criteria:  

ñ Airports :  

1. Of all considered countries the largest airport is analysed.  

2. In Canada and the US, the two largest airports are included.  

3. In Europe, the five largest airports, which are not alrea dy included in the criteria 

above, are also considered.  

4. Only international airports (with international flights) are cove red in the analysis.  

ñ Maritime ports :  

1. All 24 maritime ports considered in the study ôAssessment of potential of maritime 

and inland ports and inland waterways and of related policy measures, including 

industrial policy measuresõ (EY, et al., ongoing) are covered. The maritime ports 

considered in this study provide a good representation of main EU ports with growth 

potential up to 2030.   

2. As not all countries were covered by the ports selected in Step 1, an additional set 

of ten ports was included to cover the main maritime ports for all European 

countries considered in this study.  

3. In order to provide a good representation of the main fe rry/RoPax ports as well, an 

additional German port was added to the list.  

4. A sample of five overseas ports in the US, Canada and Japan have been selected.  

 

Table 2 ð Airports and maritime ports covered  

Country  Airport(s)  Maritime port(s)  

Freight ports  Ferry ports  

Austria Wien - Schwechat   

Belgium Brussels Antwerp Antwerp 

Bulgaria Sofia Varna  

Croatia Zagreb Pleso Rijeka 

Split 

Rijeka 

Split 

Cyprus Larnaka Lemessos  

Czech Republic Prague Ruzyne   

Denmark Copenhagen - Kastrup Arhus 

Helsingør (Elsinore) 

Arhus 

Helsingør (Elsinore) 

Estonia Lennart Meri Tallinn  Tallinn  Tallinn  

Finland Helsinki - Vantaa Helsinki Helsinki 

France Paris ð Charles de Gaulle 

Paris - Orly 

Calais  

Le Havre 

Marseille 

Calais  

Marseille 

Germany Frankfurt  

Munich 

Hamburg 

Bremerhaven 

Travemünde 

Greece Athens Eleftheriios Venizelos Piraeus  Piraeus 

Hungary Budapest Liszt Ferenc   

Ireland Dublin Dublin Dublin 

Italy  Roma - Fiumicino Genova Genova 

________________________________ 
2  This is done to be consistent with the other studies carried out within the broader study on the internalisation 

of external  and infrastructure costs  (see text box in Section 1). Both in the study on infrastructure costs and the 

study on taxes and charges the (air)port level is a more appropria te scope than the country level, as data on 

infrastructure costs and taxes/charges are mainly available at the (air)port level.  
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Country  Airport(s)  Maritime port(s)  

Freight ports  Ferry ports  

Trieste 

Venice 

Trieste 

Venice 

Latvia Riga Riga Riga 

Lithuania Vilnius Klaipeida Klaipeida 

Luxembourg Luxembourg   

Malta Luga Marsaxxlokk  

Netherlands Amsterdam - Schiphol Rotterdam Rotterdam 

Poland Warsaw Chopina Gdansk Gdansk 

Portugal Lisboa Sines  

Romania Bucharest Henri CoandŊ Constantza  

Slovakia Bratislava M.R. Stefanik   

Slovenia Ljubljana Brink  Koper  

Spain Barcelona ð El Prat 

Adolfo Suarez Madrid ð Barajas 

Palma de Mallorca 

Algeciras 

Barcelona 

Bilbao 

Valencia 

Algeciras 

Barcelona 

Bilbao 

Valencia 

Sweden Stockholm - Arlanda Goteborg Goteborg 

United Kingdom London - Heathrow 

London - Gatwick 

Felixstowe  

Norway Oslo - Gardermoen Oslo Oslo 

Switzerland Zurich   

Canada Toronto/Lester B Pearson Intl. 

Ont.  

Vancouver International B.C.  

Vancouver  

Montreal 

 

United States Atlanta Hartsfield ð Jackson 

International  

Los Angeles International 

Los Angeles 

Savannah 

 

Japan Haneda Airport Tokyo Tokyo  

 

1.3.4  Transport performance data  

To estimate the various external  cost figures (output values) , several types of transport 

performance data (e.g. v kms, tk ms, pkms) have been used. For the purpose of this 

Handbook a consistent set of transport performance data ha s been composed, mainly based 

on EU aggregated sources (like Eurostat and COPERT). For maritime transport and aviation, 

(air)port spec ific transport performance data (e.g. number of calls, LTOs) are collected 

from port authorities and annual reports of the considered (air)ports directly.  

 

Road transport performance data is taken from Eurostat, following the nationality principle, 

i.e. t ransport activity is allocated to countries where the vehicle is registered. In an 

alternative approach, the territorial principle, transport activity is allocated to the 

countries where the activity actually takes place. For example, kilometres driven by Polish 

vehicles in Germany are accounted to Poland if the nationality principle applies, and to 

Germany if the territorial principle applies. The territorial principle would have been more 

consistent with the scope of the external costs. However, as a deta iled EU-wide data set on 

road transport performance based on the territorial principle is not available, the official 

Eurostat data set based on the nationality principle has been used for this study. This 

choice (i.e. to apply road transport performance d ata based on the nationality principle) 
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affects the results, in particular the allocation of the noise and accident costs from road 

transport to different vehicle categories.  

1.3.5  Base year 

All input and output values in this Handbook are presented for 2016. If  some data was not 

available for 2016, data for the most recent year (preferably 2015) was used.  

1.3.6  Price leve l  

All fina ncial figures are expressed in Euro price levels of 2016. Data from sources where 

price levels from other years were used, are translated  to price level 2016 by using relevant 

price index figures  (from Eurostat) . Furthermore, all financial figures are adjusted for 

differences in purchase power between countries (by using Purchasing Power Standards, 

PPS), in order to allow for direct compari sons between counties. This implies that all 

financial figures are shown for t he EU28 average price level. 

1.4  User guide: how to use this Handbook  

This Handbook includes guidelines for estimating external costs of transport at three levels 

which differ with r espect to the level of accuracy of the values produced:  

ñ Methodological level : for each external cost category recommendations on the best 

practice methodologies to estimate total/average and marginal external cost values are 

provided. Using these methodologies to produce own differentiated cost figures based 

on case specific input  values results in the most accurate outcomes. However, this level 

requires the availability of case -specific estimates of key input parameters and 

evaluation models.  

ñ Input values : for each external cost categor y typical European and Member State values 

for key input parameters are provided. Examples of input values are the Value of Time 

(in û per hour), the Value of a Life Year lost (û per life year lost), etc. These input 

values can be used to produce own output values in cases some case-specific data is 

available.  

ñ Output values : for ready estimations with limited case -specific data, total/average and 

marginal external cost figures are provided for all countries and transport modes. 

Where relevant, differentiations to relevant vehicle characteristics (e.g . fuel type, size 

class, etc.) and traffic situation (type of road, day/night, thin/dense traffic, etc.) are 

provided.  

 

The guidelines at these three levels (methodologies, input values and output values) are 

given for each external cost category in Chapt ers 3 to 9 in the main text of this Handbook. 

These chapters all follow the same structure:  

ñ Definition and scope of the externality considered is briefly discussed.  

ñ Recommended methodologies, input values and output values for total/average cost 

figures are presented. Input and output values are presented for the EU28. 

National values are presented in the Excel Annex accompanying this Handbook (see 

Annex K for more details).  

ñ Recommended methodologies, input values and output values for marginal cost figu res 

are presented. Input and output values are presented for the EU28. Again, national 

values are provided in the Excel Annex.  

ñ The robustness of the recommended input and output values are discussed.  

 

Each of the external cost chapters in the main text h as its own annex (Annex B to G), which 

provides: 
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ñ A more detailed discussion of the impacts of the externality (if relevant) .  

ñ A brief discussion on the methodologies and input values recommended by the previous 

Handbook. 

ñ A detailed overview of recent evidence in the literature (mainly studies published since 

the previous version of the Handbook) on the methodology and input values to estimate 

the external costs, including a critical assessment of this evidence. This literature 

review is focussed on both total/average and marginal external costs.  

ñ Conclusions on the best practice methodologies and input values to be recommended in 

this Handbook. These recommendations are compared with the recommendations made 

in the previous Handbook and any deviations ar e explained.  

 

In addition to these external cost specific annexes , a more general annex on the economic 

valuation of human health is provided (Annex A). This annex provides an overview of 

indicators to valuate impacts on human health as well as evidence f rom literature on the 

value of these indicators. Based on this assessment, recommended approaches to valuate 

impacts on human health are provided. These recommended approaches are used in 

providing input and output values for external cost categories like air pollution, noise and 

accidents in a consistent way.  

 

Finally, a synthesis of the results is presented in the last chapter of this Handbook, 

comparing total, average and marginal cost values between  countries and transport modes. 

Furthermore, a brief c omparison with previous studies (including the previous Handbooks) is 

presented.  

 

The various costs can be added up to retrieve the total external costs per transport mode, 

although it should be noted that the totals per vehicle type reported in the handbo ok may 

not necessarily sum up to the total per mode due to rounding errors. Furthermore, it should 

be noted that this Handbook the scope for aviation and maritime shipping is a selection of 

EU (air)ports, while for the other modes the costs are presented f or the EU28. In order to 

allow a cross modal comparison, also estimates for the total costs for EU28 for aviation and 

maritime shipping are presented, based on extrapolation of the costs for the selected 

(air)ports.  

 

The user needs also to be aware that w hilst in all cases the same issue is being measured in 

principle (what economists call the external social welfare impacts), the nature of the 

various cost categories is different and therefore different methodologies were used.  

1.5  Outline of the Handbook  

Chapter 2 of this Handbook first provides a general methodological framework for the 

estimation of external costs. It defines external costs and briefly discusses the main 

methodologies to estimate them. The recommended methodologies, input values and 

output values for the various external cost categories are presented in Chapters 3 to 9. 

In Chapter 10, some external cost categories for which no quantitative assessment can be 

applied (due to a lack of scientific evidence) are discussed in qualitative way. Fina lly, the 

main conclusions and recommendations for further research are presented in Chapter 11.  
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2 General methodological  

framework   

2.1  Introduction  

In this chapter we present the general methodological framework to estimat e the external 

costs of transport. We start by discussing the concept of external costs in Section 2.2. 

In this section we provide a general definition of external costs, explain the differences 

between total, average and marginal external costs and discuss  the level of externality of 

different types of external costs. In Section 2.3 we provide a general overview of the 

valuation methodologies that can be used to estimate external costs, discussing their main 

pros and cons. Finally, in Section 2.4, we explai n the procedure for transferring values from 

one country to another or over time.  

2.2  The concept of external costs   

External costs, also known as externalities, arise when the social or economic activities of 

one (group of) person(s) have an impact on another  (group of) person(s) and when that 

impact is not fully accounted, or compensated for, by the first (group of) person(s). In other 

words, external costs of transport are generally not borne by the transport user and hence 

not taken into account when they m ake a transport decision. Cars exhausting NOx emissions, 

for example , cause damage to human health, imposing an external cost. This is because the 

impact on those who suffer damage to their health is not taken into account by the driver 

of the car when dec iding on taking the car.  

 

External costs of transport refer to the difference between social costs (i.e. all costs to 

society due to the provision and use of transport infrastructure) and private costs of 

transport (i.e. the costs directly borne by the tr ansport user). As the market do es not 

provide an incentive to transport users to take external costs into account, they only take 

part of the social costs into account when taking a transport decision, resulting in sub -

optimal outcomes. By internalising th ese costs, externalities are made part of the decision 

making process of transport users. This can be done through regulation (i.e. command and 

control measures) or by providing the right incentives to transport users, namely with 

market based instruments (e.g. taxes, charges, emission trading, etc.). A combination of 

these two basic types of instruments is possible, e.g. taxes differentiated to E uro emission 

classes of vehicles.  

 

Using market-based instruments to internalise external costs is generally re garded as an 

efficient way to limit the negative side effects of transport and/or to generate income for 

the government. Applying these instruments in an efficient way requires detailed and 

reliable estimates of external costs. Also for other applications (e.g. use in Cost Benefit 

Analyses), external cost figures are useful parameters.  
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Total, average and marginal external costs  

Different types of external costs are distinguished in this Handbook:  

ñ Total external costs  refer to all external costs within a  geographical boundary 

(e.g.  EU28 or a country) caused by (a specific mode of) transport. Total external costs 

are usually presented in billions or millions Euros.  

ñ Average external costs are closely related to total costs, as they express the costs per 

tra nsport performance unit 3. In this study average external costs are generally 

presented in û-cent/ pkm, û-cent per tkm and/or û-cent/ vkm. For some transport 

modes/externalities alternative units are used, e.g. û-cent/LTO (aviation) or û-cent per 

port call (maritime transport).  

ñ Marginal external costs are the additional external costs occurring due to an additional 

transport activity. In t he short run, these costs are linked to constant infrastructure 

capacity, whereas long run marginal costs do take the construction of additional traffic 

infrastructure into account. This implies, for example, that short run marginal 

congestion costs are, in general, higher than long run marginal congestion costs. 

As short run marginal cost figures are more relevant for internalisation purposes, they 

are the main focus of this Handbook. Generally, marginal external costs are presented 

in the same units as average external costs (e.g. û-cent/pkm, û-cent/tkm, û-cent/vkm).  

 

For some externalities (e.g. air pollution, climate change) average and marginal cost figures 

are (approximately) equal to the size of the externality and do not depend on the density of 

the traffic flow. A car entering a dense traffic flow emits the same amount of air pollutant 

emissions as a car entering a thin traffic flow, assuming that all other factors are equal 

(location, speed, etc.). However, for other externalities (e.g. accidents, noise, and 

congestion) the costs do depend on the density of the traffic flow. For example, a car 

entering a road with free flow traffic, will cause marginal external congestion costs that are 

significantly lower than the average external congestion costs.  However, when a car enters 

the traffic flow , at the moment the capacity of the road is almost met, it will cause 

marginal external congestion costs that are significantly higher than the average costs.  

 

Whether average or marginal external costs figures should be used depends on the scope 

and objective of the assessment for which the figures will be applied. For assessments on 

the internalisation of external costs, marginal cost figures should be considered when 

internalisation is considered from an econo mic efficiency point of view (marginal social cost 

pricing). However, from an equity point of view, it may be more interesting to see whether 

vehicles are charges at their average costs (ôaverage cost pricingõ), ensuring that the 

transport sector or vehicl e categories pay for the costs they impose on society. Average and 

marginal external costs may also be used for other purposes, e.g. social cost benefit 

analyses, cost-effectiveness analyses of other welfare economics analyses. In these cases, it 

depends on the actual scope of such analyses whether the appliance of marginal or average 

cost figures is preferred. For example, for a social cost benefit analysis o f the realisation of 

a new road, the noise costs can best be estimated by average cost figures (as there is no 

existing traffic situation). On the other hand, for a social cost benefit analysis of an 

extension of a road from two to four lanes, the use of marginal cost figures is preferred (as 

the change in an existing tr affic situation is assessed).  

 

________________________________ 
3  In other words, average costs are calculated by dividing the total costs by the total transport performance.  



 

  

 

26 4.K83 - Handbook on the external costs of transport  ð January 2019 

Level of externality  

As mentioned above, external costs are the difference between social and private costs. 

Table 3 provides an overview of the social and external costs for the main cost categories 

considered in this Handbook. The level of externality diff ers between these cost categories:  

ñ For congestion and scarcity costs only the additional costs for other transport users and 

society are considered external in this Handbook. Own costs (e.g. additional travel time 

or fuel costs) are private costs and hence  are not considered when estimating external 

congestion costs. With respect to total and average congestion costs, it should be noted 

that part of the costs are borne by the same group as those cause the congestion (the 

so-called club effect). For example,  the total external congestion costs of passenger 

cars do include costs borne by users of passenger cars who are delayed because other 

passenger cars have entered the traffic flow. As marginal costs are considered from an 

individual transport user perspect ive, club effects do not occur.  

ñ Part of the social costs of accidents are internalised by the transport user (i.e. as they 

consider their own accident risk when taking a transport decision, it may be argued that  

their own accident costs are internalised) or by insurances. As for congestion, part of 

the total/average external accident costs are borne by the same group of agents who 

cause the accident costs.  

ñ For environmental costs the external and social costs are the same, except for the 

situation in whic h part of the social costs are charged for. However, as we do not 

consider transport charges and taxes in this Handbook (they are considered separately 

in a parallel stu dy, see the text box in Section 1), we can assume (in general) that social 

and external  environmental costs are the same.  

 

Table 3 ð Level of externality of various costs categories  

Cost category  Social costs External costs 

Congestion costs 

and scarcity costs 

All costs for traffic users and society (delay, unreliable 

travel times and/or arriving times, additional operation 

costs, missed economic activities) caused by high traffic 

densities given the available capacity of the 

infrastructure.  

Additional costs imp osed on all 

other transport users and society 

excluding own additional costs.  

Accident costs All direct and indirect costs of an accident (material 

costs, medical costs, production losses, suffering and 

grief caused by fatalities and injuries).  

Part of the social costs that is 

not considered in own and 

collective risk anticipation and 

not covered by (third party) 

insurance.  

Environmental 

costs 

All damages of environmental nuisances (e.g. health 

costs, material damages, biosphere damages, long term 

risks).  

Part of the social costs that is 

not considered (paid for).  

 

2.3  General overview of valuation methodologies   

Externalities are, in general, not traded on actual markets and hence no market prices are 

available for them. Therefore, alternative valuation  methodologies have to be applied to 

quantify external costs. Several methodologies can be used for the valuation of 

externalities. The main ones are the damage cost approach, the a voidance cost approach 

and the replacement cost approach. These are discussed in more detail hereafter .  
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Damage cost approach  

The preferred option by economists to value external costs i s the damage cost approach 

(Botzen & Van den Bergh, 2012). This approach values all damage experienced by 

individual s as a result of the existence of an externality (e.g. health impacts d ue to traffic 

noise). As market prices are often un available for the damage experienced, the willingness 

to pay (WTP) of individuals to (partly) avoid the damage or the willingness to accept (WTA) 

the damage, is used as an indicator of individual preferences.  

 

There are several methods available for estimating the WTP, falling broadly into two 

categories:  

ñ Stated preference  (SP) methods use questionnaires or experiments where respondent s 

are asked to provide their WTP (or WTA) to avoid the damage of the externality. 

SP methods can take two forms: contingent valuation (through use of questionnaires or 

surveys, where respondents are directly asked for their WTP for a certain good) and 

choice experiments (where respondents are asked to pick their most favoured 

alternative from different packages, and WTP is inferred indirectly). SP methods 

directly measure the WTP and they also allow the researcher to control for all external 

factors, such t hat purely the externality considered is identified. On the other hand, 

SP methods depend very much on the survey/experiment design and the level of 

information, and it suffers from the fact that it involves hypothetical expenditures only. 

Also avoiding strategic behaviour of respondents is a main challenge of these kind of 

studies. 

ñ Revealed preference (RP) methods deduce the monetary value of externalities from 

transactions on other economic markets, e.g. the real estate market. The most 

commonly used RP method is the hedonic price method, which uses price differences on 

the house market to estimate the WTP for the reduction of transport noise or emissions. 

The main strength of RP methods is that it relies on actual market behaviour, where 

individualsõ WTP for avoiding a  specific externality can be observed. However, the 

results f rom RP studies are sensitive to the conditions of the markets observed. 

Furthermore, lack of knowledge of the market actors on the damage caused by the 

externality may seriously aff ect the reliability of the results of RP studies.  

 

In this Handbook damage costs are applied for several external cost categories, including air 

pollution, accidents and noise.  

Avoidance  cost approach  

An alternative way to value external costs is by apply ing the avoidance cost approach. 

In this Handbook the CO2 price that is used to calculate the external costs of climate change 

is based on this approach. The avoidance cost approach determines external cost valuation 

factors (i.e. shadow prices) by determi ning the cost to achieve a particular policy target 

(e.g. EU CO2 reduction targets). This is done by estimating an a voidance cost function, 

which provides a proxy for the supply of environmental quality. It determines how much it 

would cost to supply an ad ditional level of environmental quality (e.g. reduction of one 

additional tonne of CO 2). Based on this cost curve, the minimal cost required to meet the 

policy target is estimated. The assumption is that this policy target reflect s collective 

preferences with respect to the externality concerned and hence, that the minimum cost to 

reach this target is a good proxy of the (collective) WTP to avoid the damage caused by the 

externality.  
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The avoidance cost approach is particularly useful when the damages caus ed by the 

externality are uncertain and/or difficult to measure. In these case s the avoidance cost 

approach may provide more reliable cost values in a relatively simple way. On the other 

hand, the a voidance cost approach is often criticized due to policy t argets not always being 

a good reflection of the individual (or collective) preferences of citizens.  

Replacement cost approach  

The replacement or repair cost approach estimates the value of an externality based on the 

costs of replacing/repairing the adverse impacts caused by the externality. In this Handbook 

the replacement cost approach have been used to estimate the costs of habitat damage. 

This approach is often used to value external costs fo r which no reliable damage or 

avoidance cost figures are available. It may result in an overestimation, as it is not always 

economically efficient to repair all damage. On the other hand, the replacement cost 

approach may also underestimate the actual value of external costs, as it is not always 

possible to rep lace/repair all damage.  

2.4  Value transfer approach  

The input and output  values estimated in this Handbook are collected from various studies 

which estimate Willingness to Pay (WTP) values for the different externalities under the 

particular conditions of the location and in the specific time period of the studies. To be 

used across the different Member States and countries considered in this Handbook, a value 

transfer procedure is applied to convert the estimated values from th e ôstudy siteõ to 

ôother sitesõ. The value transfer procedure provides an alternative to carrying out valuation 

studies in all the different Member States and countries and could fill in any gaps where 

country or regional values are not available from primary sources 4.  The value transfer 

approach can also be used to transfer the input and output values as presented in this 

Handbook to other countries or other years.  

Overview value transfer approaches  

Different approaches exist to undertake a value (or benefit) transfer procedure  (NEEDS, 

2009): 

ñ Unit Value Transfer :  

Å Simple unit transfer .  

Å Unit Transfer with income adjustments . 

ñ Function Transfer:  

Å Benefit Function Transfer .  

Å Meta-analysis.  

 

The unit value transfer procedure consists of transferring the primary data from the original 

location directly to the new location . This can either be a direct transfer (simple unit 

transfer) or with slight adjustments, such as  exchange rate, inflation and income (unit 

transfer with income adjustments) . The benefit function trans fer approach consists of 

estimating a function that establishes the relationship between the unit value and the 

characteristics at the original site in order to predict the values at another site. 

Although theoretically superior due to it tak ing more infor mation into account, the benefit 

________________________________ 
4  Considerations should be made here on the purpose of the analysis, see Ready & Navrud (2006).  



 

  

 

29 4.K83 - Handbook on the external costs of transport  ð January 2019 

function transfer approach tends to be more complex to apply in practice , because it 

requires information on each of the characteristics at the new site. 5 For example, the 

willingness to pay to reduce noise may be estimated  by figures on income, population 

density and age. To approximate the willingness to pay for noise reduction in a different 

region, statistics  will need to be collected for income, population density and age. 

Another possibility is to carry out a meta -analysis of several valuation studies to estimate a 

common benefit function. This approach also presents its challenges such as the lack of 

relevant information and studies. For these reasons, the unit value transfer with income 

adjustment is preferred for its  simple, transparent and reliable results 6. This was the 

approach followed in the previous Handbooks and is applied in this revision.  

Recommended approach: unit value transfer with income adjustments  

Transferring the unit value from the original country to  the remaining Member States and 

countries considered in this Handbook requires the following adjustments which control for 

differences across locations: 

ñ Differences in prices . Controlling for differences in prices is crucial to minimise errors 

when transf erring values across locations. The recommended approach is to use  

PPP-corrected exchange rates  to take into account the cost of living. If appropriate, 

adjustments can also be made in line with differences in living costs between regions 

within the same country.  

ñ Differences in income. A central issue when converting values between countries is to 

consider differences in income. The common approach consists of multiplying the unit 

values by the ratio of income in the policy country to income in the study c ountry as 

such: 

ὡὝὖ ὡὝὖ ,  

Where ὡὝὖ is the WTP transferred to the study site, ὡὝὖ is the WTP at the study 

site, Ὅ  and Ὅ are income at the other and study sites, and ‐ is income elasticity of 

WTP. Income is defined as PPP-adjusted GDP/capita in this Handbook 7. For the income 

elasticity a value of 0.8 is recommended, indicating that environmental goods can be 

considered normal goods. This value of the income elasticity is based on an extensive 

meta-analysis of the OECD, which concludes that the income elasticity for the WTP of 

environmental and health related goods fall s between 0.7 and 0.9.  

ñ Other differences. Input and output values can be further adjusted based on the 

specific characteristics of the externality . For example, accident costs should be 

adjusted according to accident risk rates. The specific value transfer procedure carried 

out for each type of externality is discussed in the relevant chapters.  

________________________________ 
5  Associated to challenges such as low explanatory power due to omitted variables ; extrapolating outside range of 

the data; variation among individuals not the same as vari ation among countries ; functional form choice, etc.  
6  Bateman et al., 2002; OECD, 2011a; Czajkowski et al., 2017. 
7  Other income indicators could be used alternatively.  Czajkowski and ĢńasnĶ (2010) found that using site -specific 

measures of income outperforms transfers based on GPD per capita. Ready & Navdrud (2006) provide a 

discussion on the key considerations. We have chosen GDP/capita as this is a widely available indicator and used 

by several studies, including the previous Handbook.  
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Unit value transfer is not only used to tran sfers input and output values between countries, 

but also over time. The following adjustments have to be made for this purpose:  
ñ Difference in price level . Consumer Price Indexes (CPI) should be used for this purpose, 

which produces conservative estimates . 

ñ Difference in income. Income levels generally increase over time. This implies that the 

WTP also increases, assuming that externalities can be considered as normal economic 

goods. Therefore the same correction used for the value transfer between countrie s can 

be used. It may be argued that the income elasticity for temporal transfers is lower 

than for spatial transfers, particularly as there may be diminishing marginal  returns on 

the WTP for health improvements in developed countries 8. However, as there i s no clear 

evidence for this statement in the literature, we recommend to apply the same 

elasticity for spatial and temporal value transfers (i.e. 0.8).  

 

________________________________ 
8  As the average life expectancy of people increase over time, it may be that the WTP to increase this life 

expectancy even longer may decrease. Particularly as the probability of additional life years with bad hea lth 

conditions grows as life expectancy increases.  
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3 Accident costs  

3.1  Introduction  

Accidents occur in all forms of traffic  and result in substantial costs, consisting of two types 

of components: material costs (e.g. damages to vehicles, administrative costs and medical 

costs) and immaterial costs (e.g. shorter lifetimes, suffering, pain and sorrow). 

Market prices can be used to calculate material costs, howev er, no such market prices exist 

for immaterial costs. In addition, a  part of the total accident costs are already internalised, 

for example through insurance premiums or through accounting for risks that are well 

anticipated .  

 

In this chapter we provide a n overview of the recommended approaches to value external 

accident costs. In Section 3.2 we first briefly discuss the definition and scope of accident 

costs. The total and average accident  costs are presented in Section 3.3, and the marginal 

accident  costs are the topic of Section 3.4. Finally, the robustness of the accident  cost 

figures presented in this chapter is analysed in Section 3.5. More detailed information on 

accident costs can be found in Annex B. 

3.2  Definition and scope  

Although there is no harmon ised definition of external accident costs, we define them as 

the social costs of traffic accidents that are not covered by risk oriented insurance 

premiums in this edition of the Handbook. The insurance system therefore determines 

the share of the acciden t costs that are considered internal. Any costs that are covered 

by insurances are therefore not considered external to the individual  (i.e. they are 

internalised) . Costs that are not covered by insurances are  external. This approach is in line 

with earlie r editions of the Handbook, although it is important to acknowledge that studies 

at the national level may use a different distinction. For a full discussion we refer to 

Annex B.  

 

There are five main components of accident costs:  

ñ Human costs:  This is a proxy for estimating the pain and suffering caused by traffic 

accidents in monetary value. In cases of injuries it covers the victimõs pain and 

suffering , in cases of fatalities it covers the victimõs loss of utility. Traffic participants 

are assumed to be aware of the fact that their decision to enter the traffic may result in 

an accident  (they internalise this risk) . Therefore, their own human costs are considered 

internal  to them , once they have made the decision to enter the traffic. However,  they 

consider the human costs of others that may r esult from their own transport decision as 

external to them.  

ñ Medical costs: These are the costs of the victimõs medical treatment provided by 

hospitals, rehabilitation centres, general practitioners, nursi ng homes, etc. as well as 

the costs of appliances and medicines. The medical costs cover the time period from 

the moment of the accident until complete recovery from the injury or, in the case of 

fatal accidents, death. In many cases a part of these costs is already internalised 
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through health insurance premiums. 9 In this Handbook we assume 50% of the medical 

costs are external.  

ñ Administrative costs:  These are the costs covering the expenses of the deployed police 

force, fire service and other emergency (n on-medical) services that assist at the crash 

location site. In addition, costs related to the administration of justice such as legal 

costs, the costs of prosecution of offenders and the costs of lawsuits and insurance are 

incorporated into this category.  Lastly, administrative costs related to vehicle, health or 

other insurance is also included in this category. This component is  assumed to be partly 

internalised by tr affic participants in the form of insurance.  In this Handbook we assume 

30% of the administrative costs are external.  

ñ Production losses:  After an accident victims are not directly capable of returning to 

work, and in some cases may never return to work. These costs consists of the net 

production losses due to reduced working time and the hum an capital replacement 

costs. Not being able to carry out non -market work such as household work or 

volunteering is also incorporated in this cost component. This component is  assumed to 

be partly  internalised by traffic participants  in the form of insuran ce. Based on (ARE, 

2018), we assume that 55% of the gross production loss (as reported by SafetyCube) can 

be regarded as external.  

ñ Material damages:  This consists of the monetary value of damages to vehicles, 

infrastructure, freight and personal property resulting from accidents. This component 

is assumed to be fully internalised by traffic participants through insurance.  

ñ Other costs:  This category covers the costs of congestion resulting from road crashes, 

vehicle unavailabi lity and funeral costs. We will not  take this cost category into account 

as a large part of the other costs  are already incorporated in other external cost 

categories investigated in this study  or are not considered external .10 

 

It is important to realise that costs related to the prevention or avoidance of crashes are 

not included in accident costs. Prevention costs, e.g. police enforcement costs, are not 

included because they are not a (direct) consequence of road crashes, but are intended to 

decrease the number of crashes (Wijnen, et al., 2017) . Furthermore, these are  (partly)  

included in road infrastructure costs in (CE Delft et al., Forthcoming) .  

 

 

________________________________ 
9  Please note that there are large differences in the health insurance systems across countries in the EU, e.g. in 

terms of deductibles. In general we have assumed that health insurance is a way to (partl y) internalise the 

health costs, without taking the nuances of the different national health care systems into account.  
10  For instance, congestion costs fall under ôother costsõ but are already included as another category in this 

handbook. Other costs such as funeral costs may already be (partly) insured, which no longer renders them 

(fully) external.  

 Fatalities and injuries  

In this study, we present the external accident costs for all five modes of transport ( road, rail , aviation, IWT and 

maritime) . The victims of traffic accidents are classified into one of three categories: fatalities, severe injuries 

and slight injuries. This is done based on the definitions in (UN ECE, 2011). 

ñ Fatality:  Any person killed immediately or dying within 30 days as a result of an injury sustained as a result 

of an accident . 

ñ Serious injury:  A person who sustained an injury as a result of the accident and who was hospitalised for a 

period of more than 24 hours . 

ñ Slight injury:  A person who sustained an injury as a result of the accident but does not fall under the 

definition of serious injury.  
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It is worth noting that the number of fatalities and injuries in official sta tistics only 

represent reported accidents. However, for road accidents in particular, a portion of the 

total accidents go unreported. Therefore, the official road accident data ought to be 

corrected for these unreported accidents.  The correction factors th at are applied in this 

study are shown in Table 5, and are based on (HEATCO, 2006), a large EU study, and a 

Swiss (Ecoplan, 2002) study. One minor adjustment was made to these correction factors, 

the underreporting rate for fatalities was 1.02 in HEATCO & Ecoplan, but a study by 

(Ecoplan & Infras, 2014) revealed that there are no longer unreported fatalit ies from 

accidents in Switzerland. We assume that this also holds for the rest of Europe, therefore, 

the rate for fatalities has been adjusted to 1.00 (i.e. no underreporting). Previous editions 

of the Handbook used the correction factors presented in Table 5 for serious and slight 

injuries, but used a factor of 1.02 for fatalities.  

 

Table 5 ð Correction factors to correct for underreporting of accidents   

 Fatalities  Serious injury  Slight injury  

Car, LCV, HGV, bus 1.00 1.25 2.00  

Motorbike 1.00 1.55 3.20  

Source: (HEATCO, 2006) & (Ecoplan, 2002) . 

 

 

The underreporting factors in Table 5 shows that the underreporting rate differs depending 

on the vehicle type and the severity of the accident , with more vulnerable road users such 

as motorcycles having higher unreported accidents than l ess vulnerable road users 

(e.g.  HGVs, buses).  

 

However, it is important to note that EU countries started collecting data on injuries from traffic accidents using 

a new common definition  in 2014. This scale, the Maximum Abbreviated Injury Scale (MAIS), is based on the most 

severe injury in the Abbreviated Injury S cale (AIS) classification system commonly used by medical professionals. 

The use of this scale will result in it being easier to classify accident data according to the right category, as this 

is the classification system adhered to by hospitals in Europe. This also means the data between countries will 

become more harmonised and consistent.  The MAIS represents the most severe injury obtained by a casualty 

according to the AIS. Serious traffic injuries are now classified as injuries scoring 3 or more on the medical 

Maximum AIS (MAIS3+). Therefore,  for traffic injury victims  MAIS 1 and MAIS 2 are considered slight injuries.  

 

Table 4 ð Comparison of old and new EU traffic injury definitions  

AIS scale Example Old definition  

AIS 1 Minor Sprained ankle Slight injury  

AIS 2 Moderate Closed fracture 

AIS 3 Serious Open fracture  Serious injury 

AIS 4 Severe Amputation  

AIS 5 Critical  Ruptured liver with tissue loss  

AIS 6 Maximum Unsurvivable injury  Fatality  

 

 

However, figures on the number of seriously injured people according to the new definition are not yet available 

for all countries (and not at the same level of detail comparable to the old definition). Therefore, the 

estimation of external accident costs in this Handbook will be based on accident figures according to the old 

definition.  However, we do propose some input values for the new definition of injuries in Annex B.3.2. 
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Although the reporting factors are old, there are no more recent studies looking at 

underreporting rates at the international level. Studies at the national level confirm that 

the factors displayed in Table 5 are reasonable. For instance, studies looking at Korea show 

that there are four times as many road traffic victims reported by data from insurance 

agencies than there are victims reported by the police (OECD, 2016; Park, 2008). 

Other studies at the national level report sli ghtly lower underreporting rates  than the 

Korean values, e.g. 40 -45% underreporting in Australia (Rosman, 2001) and 36% 

underreporting in the UK (Mackay, 2003). One recent study even looked at vulnera ble road 

users in particular and revealed that only 35% of serious injuries with motorcycles are 

reported, whereas only 10% of slight injuries are reported (Janstrup , et al., 2016) . All in 

all, it appears that even though the correction factors from HEATCO are old, there are no 

indications that they are outdated.   

 

For the other transport modes such as rail, inland waterway, maritime or aviation, we do 

not use correction factors, as accidents occurring in these transport modes are much less 

likely to go unnoticed.  

3.3  Total and average accident costs  

3.3.1  Methodology  

Total and average accident costs are calculated using a top-down approach, starting with 

total accidents and then allocating them to different vehicle types . Figure 1 illust rates the 

corresponding methodology for calculating accident  costs for road, rail, inland waterway, 

maritime and aviation.  

 

Figure  1 ð Methodology total and average accident costs  
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The main input values that are used are the number of casualties per vehicle cat egory and 

the costs per category . For the number of casualties per vehicle category in road transport , 

we use detailed statistics from the CARE database which also provides information on the 

other parties involved in th e accident. For the other modes , data to that level of detail is 

not available.  The data provided for rail accidents already excluded s uicides. 

The cost per casualty consists of six components, of which four (human costs, production 

costs, medical costs and administrative costs) are (partly) external. By multiplying the 

number of casualties by the cost per casualty and  deduct ing the transfers from liability 

insurance systems and gratification payments  the total external accident costs are 

estimated.   

 

Allocation to the different vehicle categories is carried out according to damage potential 

(intrinsic risk) if the accidents occur within one transport mode. This method is used in 

studies such as (CE Delft & VU Amsterdam, 2004; CE Delft, INFRAS & Fraunhofer ISI, 2011).11 

The method involves allocating the victims in the opposing vehicle to the other vehicle type 

involved in the crash and vice versa. For instance, if a fatal accident occurs between a HGV 

and a car, and the dr iver of t he HGV sustains a slight injury whereas the driver of the car 

dies, the cost of the fatality is allocated to the truck, whereas the cost of the slight  injury 

is allocated to the car.  

 

For accidents between different modes, such as accidents involv ing a train and a car, the 

casualties are allocated to the party responsible for the accident.  In this study, these types 

of accidents only occur between road and rail, at level crossings. For these types of 

accidents it is known that they are almost alway s caused by the road user (Jonsson & 

Björklund, 2015) 12. These steps result in the total and average accident costs per vehicle 

category in each country.  

3.3.2  Input values  

Accident statistics  

The accident statistics that are used for road transport are taken from the EUõs Community 

Road Accident Database (CARE). This highly detailed database provides information on 

fatalities, serious injuries and slight injuries, in which vehicle these victims  were seated, 

and which other vehicle was involved in the accident at the country level. Statistics are 

further split according to road type (urban, rural, motorway and unknown). Because of the 

different vehicle types within this transport mode, such detai led data is needed in order to 

allocate the costs to the vehicle types according to the vehicle typeõs damage potential 

(intrinsic risk).  

 

The previous Handbook did not include data on the accident costs of the  other transport 

modes. In this Handbook we d o estimate these costs, although the available data is not as 

detailed as the CARE database is for road transport. For these modes, accidents are not as 

frequent as for road transport, which is why we use average s over 5 years (2012-2016). 

For rail transpo rt , the accident statistics were provided by the European Union Agency for 

Railways (ERA). However, the ERA does not collect figures for slight injuries, so the rail 

external accident costs are only based on fatalities and serious injuries, and will  theref ore 

________________________________ 
11  There are two other approaches which could alternatively be used, which are elaborated in more detail in 

Annex B. 
12  Please note that if the damage pote ntial approach would be used instead of the responsibility perspective this 

would result in accident costs that are only very minorly different from the responsibility approach.  
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be an underestimate. Suicides were excluded from the rail accident data  by the ERA. 

For aviation the  total  statistics for the EU28 are provided by European Aviation Safety 

Agency, from which an accident rate per movement could be deduced. By combining this 

with information on the number of flight movements per airport, the total number of 

casualties could be calculated per airport. Please note that these are not the actual 

casualties that occurred in that period, but a proxy for the risk. For inland waterways the 

accident rate per 1 ,000 vkm is based on data from the Dutch Department for Waterways 

and Public Works. These accidents are also a proxy for the risk of inland waterwa y 

transport, rather than the actual accidents that occurred in the period considered. 

For maritime transport , accident statistics were provided by the European Maritime Safety 

Agency. These are the actual accidents that occurred over the time period consid ered.  

Costs per casualty  

The various components of the costs per casualty are largely based on SafetyCube (2017), 

which estimates standard values for each of the cost components according to the methods 

outlined in the international guidelines  developed by (Alfaro, et al., 1994) . The values 

presented in (Wijnen, et al., 2017)  are the social costs of accidents, not the external costs 

of accidents, and therefore need to be corrected.  

 

The only cost component in our calculation that is not ba sed on SafetyCube is the human 

cost, the largest part of accident costs. The human costs are valued based on the Value of 

Statistical Life (VSL), which we base on the (OECD, 2012). A deta iled discussion on the VSL 

is presented in Annex A. The EU28 VSL used is û 3.6 million. To avoid double counting with 

gross production loss, the consumption loss needs to be deducted from the VSL to reach 

human costs for fatalities  (see Section B.3.2). Consumption loss is calculated by combining 

data on the consumption expenditure per capita per annum with the amount of life years 

lost due to an accident (on average 42 years). This results in an EU28 average consumption 

loss for a fatality of û 668,000. Therefore, the human costs of fatalities for the EU28 is 

û 2.9 million. The human costs of injuries are valued at 13% and 1% of the VSL respectively 

for serious and slight injuries  (HEATCO, 2006). No consumption loss is deducted from t he 

values for injuries .  

 

Table 6 ð External accident cost components per casualty for the EU28 (û2016) 

 Human costs Production loss  Medical costs  Administrative 

costs 

Total external cost 

per casualty  

Fatalities  2,907,921 361,358 2,722 1,909 3,273,909  

Serious injuries 464,844 24,055 8,380 1,312 498,591  

Slight injuries  35,757 1,472 721 564 38,514  
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Table 7 ð External accident costs components per casualty for the EU28  (û2016) 

 

 

Human costs Production loss  Medical costs  Administrative costs  

Fatality  Serious 

injury  

Slight 

injury  

Fatality  Serious 

injury  

Slight 

injury  

Fatality  Serious 

injury  

Slight 

injury  

Fatality  Serious 

injury  

Slight 

injury  

EU countries  

EU28 2,907,921 464,844 35,757 361,358 24,055 1,472 2,722 8,380 721 1,909 1,312 564 

AT 3,202,976 532,685 40,976 393,002 26,161 1,600 2,960 9,114 784 2,076 1,427 614 

BE 3,183,342 513,206 39,477 394,570 26,266 1,607 2,972 9,151 788 2,084 1,433 616 

BG 1,553,981 226,042 17,388 172,290 11,469 702 1,298 3,996 344 910 626 269 

HR 2,308,933 334,147 25,704 230,091 15,317 937 1,733 5,336 459 1,215 836 359 

CY 1,504,105 285,078 21,929 319,468 21,266 1,301 2,406 7,409 638 1,687 1,160 499 

CZ 2,789,348 406,295 31,253 236,108 15,717 962 1,778 5,476 471 1,247 858 369 

DK 3,497,489 576,978 44,383 485,139 32,295 1,976 3,654 11,251 968 2,562 1,762 757 

EE 2,653,497 391,365 30,105 264,696 17,620 1,078 1,994 6,139 528 1,398 961 413 

FI 2,798,583 475,746 36,596 444,438 29,585 1,810 3,348 10,307 887 2,347 1,614 694 

FR 2,721,569 449,900 34,608 395,712 26,342 1,612 2,981 9,177 790 2,090 1,437 618 

DE 3,067,253 503,575 38,737 383,018 25,497 1,560 2,885 8,883 765 2,023 1,391 598 

EL 2,026,599 328,432 25,264 296,552 19,741 1,208 2,234 6,877 592 1,566 1,077 463 

HU 2,545,519 363,132 27,933 213,101 14,186 868 1,605 4,942 425 1,126 774 333 

IE 4,681,432 710,688 54,668 398,560 26,531 1,623 3,002 9,243 796 2,105 1,448 622 

IT 2,888,866 468,373 36,029 354,695 23,611 1,444 2,672 8,226 708 1,873 1,288 554 

LV 2,091,145 314,437 24,187 244,097 16,249 994 1,839 5,661 487 1,289 887 381 

LT 2,472,609 368,941 28,380 221,664 14,756 903 1,670 5,141 442 1,171 805 346 

LU 6,048,974 955,627 73,510 436,719 29,071 1,779 3,289 10,128 872 2,307 1,586 682 

MT 1,726,048 292,090 22,468 294,266 19,589 1,198 2,216 6,824 587 1,554 1,069 459 

NL 3,144,379 506,503 38,962 400,833 26,683 1,632 3,019 9,296 800 2,117 1,456 626 

PL 2,209,087 322,671 24,821 201,159 13,391 819 1,515 4,665 402 1,062 731 314 

PT 2,249,642 359,065 27,620 287,703 19,152 1,172 2,167 6,672 574 1,520 1,045 449 

RO 2,257,137 322,445 24,803 183,549 12,219 747 1,383 4,257 366 969 667 287 

SK 2,602,350 381,986 29,384 240,873 16,034 981 1,814 5,586 481 1,272 875 376 

SI 2,127,862 337,228 25,941 293,677 19,549 1,196 2,212 6,811 586 1,551 1,067 459 

ES 2,690,282 427,815 32,909 325,423 21,663 1,325 2,451 7,547 650 1,719 1,182 508 

SE 2,819,502 476,827 36,679 470,659 31,331 1,917 3,545 10,915 939 2,486 1,709 735 

UK 2,448,105 442,196 34,015 420,407 27,986 1,712 3,167 9,750 839 2,220 1,527 656 

Non-EU countries  

NO 2,860,780 523,348 40,258 535,129 35,622 2,179 4,031 12,410 1,068 2,826 1,944 836 

CH 3,860,318 707,624 54,433 554,838 36,934 2,260 4,179 12,867 1,107 2,930 2,015 866 

CAN-

AL 3,487,874 453,424 34,879 419,350 27,915 1,708 3,159 9,725 837 2,215 1,523 655 

CAN-

BC 3,487,874 453,424 34,879 419,350 27,915 1,708 3,159 9,725 837 2,215 1,523 655 

US-

CA 3,984,276 517,956 39,843 443,577 29,528 1,806 3,341 10,287 885 2,343 1,611 693 

US-

MO 3,984,276 517,956 39,843 443,577 29,528 1,806 3,341 10,287 885 2,343 1,611 693 

JP 3,400,821 442,107 34,008 409,621 27,268 1,668 3,085 9,500 818 2,163 1,488 640 
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3.3.3  Output values  

Table 8 describes the total and average external accide nt costs in the EU as a whole for 

road and rail transport. Costs at the country level are provided in the database.  

 

Table 8 ð Total and average external accident costs for land -based modes for the EU28  

Transport  mode Total costs EU28 Average costs  

Passenger transport  Billion û û-cent  per pkm  û-cent per vkm 

Passenger car  210.2 4.5 7.2 

Motorcycle13 21.0 12.7 13.3 

Bus/Coach 5.3 1.0 18.9 

Total passenger road  236.5   

High speed passenger train 0.1 0.1 17.3 

Conventional passenger train  2.0* 0.5 52.2 

Total passenger rail  2.0   

Total passenger transport  238.5   

Freight transport  Billion û û-cent per tkm  û-cent per vkm 

LCV 19.8 6.0 4.1 

HGV 23.0 1.3 15.5 

Total freight road  42.8   

Freight train  0.3 0.1 34.1 

Inland Vessel 0.1 0.1 86.3 

Total freight transport  43.1   

Total road, rail, inland 

waterway  281.7   

*  Total  costs without highspeed passenger trains (average costs for passenger train electric: incl. high speed 

trains). 

 

Average costs are calculated by dividing the total costs by the transport performance data. 

Motorcycles cause by far the highest average external accidents costs per pkm. The CARE 

database revealed that motorcyclists are involved in a relatively high number of accidents. 

This despite the fact that they dri ve relatively fewer kilometres with a lower occupancy 

rate. Therefore, this results in a higher accident costs for motorcyclists compared to cars.  

 

Table 9 illustrates the average external accident costs of both passenger and freight 

aviation. Passenger aviation values are provided per LTO, passenger and pkm. The average 

costs of freight aviation are provided per LTO, tonne and tkm. Costs at the individual 

airport level are provided in the database. 

Table 9 ð Total and a verage external accident costs for aviation for 33 selected EU airports  

Transport mode  Total costs  Average costs 

Passenger aviation  Million û û/LTO û/passenger û/tonne û-cent /pkm  

Short haul 

75.01 22.95 0.18 0.81 

0.04 

Medium haul 0.01 

Long haul 0.001 

*  Costs per pax are including the complete flight (not only the half -way principle ). 

________________________________ 
13  Please note that the costs of motorcycles does not include the costs for m opeds. Moped accidents are roughly 

1% of EU fatalities and 2-3% of EU injuries. Although the CARE database has statistics available on moped 

fatalities, allocation to mopeds cannot be carried out as there is no transport performance data spec ifically for 

mopeds available. 
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Table 10 presents the average external accident costs of maritime transport. For ferries, 

the costs are calculated per port call, passenger and pkm. For freight ma ritime transport, 

the average external costs are provided per port call, tonne and  

tkm. Costs at the individual port level are provided in the database.  

 

Table 10 ð Total and a verage external accident costs for maritime transport for  34 selected EU ports  

Transport mode  Total costs  Average costs 

Passenger transport  Million û û per port call  û per million passengers 

Passenger ship 3.3 26 40,996 

Freight maritime transport  Million û û per port call û per million tonnes 

Freight ship 63.3 318 36,524 

3.4  Marginal accident costs  

3.4.1  Methodology  

Marginal accident costs are only calculated for road transport. For all other modes of 

transport the marginal accident costs are considered to be equal to the average costs . 

This is because the other modes are scheduled services, this implies that the accident 

risk is less dependent on the amount of traffic for these modes. Figure 2 illustrates the 

methodology for calculating marginal accident costs  for road transport .  

 

Figure  2 ð Methodology marginal external accident costs  

 
 

 

The marginal accident costs represent the extra costs that adding an extra vehicle to the 

traffic flow brings. The main input values for marginal accident costs  are the accident risk 

per vehicle type an d road type, the costs per casualty and the risk elasticity. The costs per 

casualty are the same as those used for the calculation of total and average costs. 
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Combining the accident risk with assumptions on the degree of risk internalisation , the 

external costs per casualty and the risk elasticity allows us the calculate the marginal 

external accident costs per vehicle category (see Annex B.4 for more details).   

3.4.2  Input values  

The input values used to calculate marginal external accident costs are largely com parable 

to the ones used for total and aver age accident costs, e.g. the costs per casualty. For these 

input values we refer to Section 3.3.2. 

Risk elasticity  

The risk elasticity  represents how much the accident risk on a certain road type increases 

with a 1% increase in traffic measured in vkms. It is realistically expected to v ary with the 

road type , road conditions  and traffic i ntensity , although only very few sophisticated 

estimates for the risk elasticity exist, and only for individual countries.  For instance, a 

study by (Sommer et al., 2002)  looking at Switzerla nd found risk elasticities  of -0.5, -0.25 

and -0.62 for motorway, urban and other roads respectively. Rougher estimates of -0.25 

irrespective of the road type were u sed in (Ricardo-AEA, TRT, DIW Econ & CAU, 2014; 

Lindberg, 2001). All suggested risk elasticities are negative, implying that although an 

increase in traffic increases the risk of an accident, the risk of an  accident inj ury or fatality 

decreases (Hesjevoll & Elvik, 2016) . However, one could argue this is not necessarily true 

for urban roads, where congestion and already slow traffic imply that the addition of an 

extra vehicle will not lead to a significant ch ange in the accident risk (i.e. risk elasticity of 

0). This is the approach taken in (CE Delft & VU, 2014). Therefore, the recommended 

approach in this study is to use a risk elasticit y of 0 for urban roads, an d  

-0.25 for motorways and other roads.  

Degree of risk internalisation  

The degree of risk internalisation is important in determining the share of the human costs 

that is internalised by road users. This factor differs per vehicle type, as some vehicles are 

simply more vulnerable than others. Therefore, the best way to reach the degree of risk 

internalisation is to calculate it from statistics from the CARE database. It is calculated  by 

dividing the n umber of fatalities inside a certain type of vehicle by the number of fatalities 

in accidents involving this vehicle type (also counting victims inside other types of vehicles 

involved in the accidents). This gives a good indication of a vehicles ôvulnerabilityõ 

compared to other vehicle types. Please note that t his approach implies that in cases where 

there are more than one passenger in the vehicle (i.e. not only the driver) the human costs 

of all these passengers are fully internalised by the (driver of the) vehicle. If a vehicle then 

causes a fatal crash with another vehicle that has four passengers, the human costs of all of 

the four passengers are fully external to the original vehicle. The value for the degree of 

risk internalisation ranges between 0 and 1, with relatively lower values representing a 

smaller share of the costs is internalised. People in passenger cars and on motorcycles are 

expected to have a relatively higher share of the costs internalised (value closer to 1) than 

people inside HGVs.  
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Table 11 ð Degree of risk internalisation for different vehicle types   

Vehicle type  Risk internalisation factor  

Passenger car 0.61 

Motorcycle 0.93 

Bus 0.16 

Coach 0.16 

LCV 0.28 

Heavy Goods Vehicle 0.14 

 

 

It is important to note that the risk elasticity ( Ὁ) and the degree of risk internalisation ( —) 
combined lead to interesting results. If — Ὁ ρ, the marginal costs are negative  (Ricardo-

AEA, TRT, DIW Econ & CAU, 2014). This implies that with each vehicle entering the road the 

average accident costs decreases. If — Ὁ ρ, the marginal costs are positive and the 

accident costs always increases with each additional vehicle. With a risk elasticity set at   

-0.25 (motorways and other  roads), this implies that heavy goods vehicles, busses, coaches, 

LCVs, passenger cars and other vehicles all have positive marginal costs. In this case, 

negative marginal costs exist fo r motorcyclists .  

3.4.3  Output values  

Table 12 describes the marginal external accident costs for road transport in the EU28. 

Costs at the country level are provided in the database. The marginal external accident 

costs of the other four transport modes are identical to the average external accident costs.  

 

Table 12 ð Marginal external accident costs road transport  for the EU28  

Vehicle type  Motorway  Urban road  Other  road 

Passenger transport (û-cent per p km) 

Passenger car 0.25 1.41 0.63 

Motorcycle -0.65 4.42 -3.21 

Bus/coach  0.05 0.80 0.19 

LCV (û-cent  per vkm)  

LCV 0.37 0.76 0.84 

Freight transport (û-cent per t km) 

HGV  0.07 0.10 0.13 

 

 

The interpretation of negative marginal external accident costs (i.e. for motorcyclists) is 

somewhat confusing. Because traffic tends to slow down with each extra driver, the traffic 

becomes safer for all other traffic participants. However, the extra road user has a higher 

accident risk (compared to no accident risk if he decides no t to take part in traffic). 

The moment where the risk of an accident on other traffic users reduces by less than the 

increase in external accident risk by the extra traffic users, negative marginal external 

costs arise. This also explains why negative marginal external costs arise almost exclusively 

for vulnerable road users such as motorcyclists, as they have almost fully internalised their 

own risk (see Table 11).  Please note that the costs presented here are marginal external  

accident costs, and that even though they may occasionally turn negative, this does not 

mean that marginal  accident costs are negative.  
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3.5  Robustness of results  

We have attempted to calculate the accident costs according to the most recent and high 

quality evidence and methods. In this Handbook, the accident costs calculations are much 

more detailed than in previ ous editions. Nonetheless, there are a few aspects that merit a 

point of discussion regarding the robustness of the results presented in this chapter.  

 

Firstly, the human costs are the largest component of the accident costs. These costs are in 

turn highl y dependent on the VSL that is used.  We have conducted a detailed review of the 

literature on the VSL and found the range of values is very large. In this Handbook we h ave 

chosen to use the VSL as presented by the (OECD, 2012) as it provides the most recent high 

quality evidence on the VSL to our knowledge . Nonetheless it is important to emphasize 

that any estimate of the VSL remains uncertain. Use of the OECD VSL implies that  the VSL is 

significantly higher in this edition of t he Handbook than in previous editions (see Annex A 

for a full discussion) , and, in turn, raises the human cost component of accident costs.  

 

A second important uncertainty regards the percentage of the accident costs that transport 

users internalise in the ir transport decision. For the external part of human costs, we have 

made the assumption that oneõs own human costs are internalised once the decision to 

enter the transport is made, whereas the human costs of people in the other vehicles are 

considered completely external . For the other cost components, the chosen methodology 

implie s that costs that are insured are fully internalised (see discussion in Annex B). 

Although there is a discussion in the literature whether insurances can be seen as a way to 

internalise costs, data limitations 14 imply that other methodologies are not feasible.  

The percentage that is internal for medical costs and administrative costs is more 

uncertain, due to highly diverging values found in the litera ture at the country level.  

When looking at the magnitude of these costs in comparison to the total external accident 

costs, the sensitivity of the total costs to the percentages used is relatively small. 

Varying the percentage of medical and administrative costs that is external to  100% instead 

of 50% (as assumed in this Handbook) only changes the total accident costs by 0.2 -4%, 

depending on the severity of the casualty. For production loss, the percentage of costs that 

is external (55%) is based on one value from the literature, as  there is almost no literature 

available on this topic. This means that 45% of production loss is covered through some form 

of insurance. Because production loss is the second largest cost component the percentage 

of production loss that is assumed externa l significantly influences the total accident costs. 

If production loss is assumed to be fully internalised, accident costs would be 4 -11% lower 

than presented in this chapter. If production loss is assumed to be fully external, accident 

costs would be 3-9% higher than presented in this chapter.  

 

Thirdly, one recent study indicated that deducting the consumption loss from the human 

costs to avoid double counting with the production loss should no longer be used in the 

calculation of external accident costs  (Ecoplan, 2016). This is based on another study which 

concluded that  there are no indications that own consumption is included in the WTP for a 

statistical life  for Switzerland  (B,S,S. Volkswirtschaftliche Beratung AG, 2015). Up until 

now, a cautious assumption was made that it was, which implied that net production loss  

(= gross production loss ð consumption loss) should be used to avoid double counting. This is 

also the approach we have taken in this Handbook. Therefore, we have not changed the 

method compared to the previous editions of the Handbook. If we were to change the 

method, it would imply accident costs would increase by 20% per fatality, although the 

accident cost per serious or slig ht injury would not change. All in all, although we admit the 

________________________________ 
14  This is particularly relevant in terms of large differences in the structure of different insurances in different 

countries, even within the EU.  
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(B,S,S. Volkswirtschaftliche Beratung AG, 2015) study has its merits, we believe further 

research is needed to confirm whether or not oneõs own consumption is taken into 

consideration when the WTP for a VSL is elicited.  

 

Last but not least the results for road transport are affected by the transport p erformance 

data used. As explained in Section 1.3.4, in this study we use data from Eurostat, following 

the nationality principle, i.e. transport activity is alloc ated to countries where the vehicle 

is registered. The use of these data af fects the results of this study , since the scope of 

these data differs from the scope of the accident  data, which is in line with the territorial 

principle. Particularly the results  for HGVs may be significantly affected at country level. 

For example, in countries with a lot of transit traffic (e.g. Austria) a significant part of the 

accidents should be allocated  to foreign vehicles. By using transport performance data 

based on the nationality principle, transport activity of these foreign vehicles is not taken 

into account in the calculations.  
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4 Air pollution costs  

4.1  Introduction  

The emission of air pollutants can lead to different type s of damages. Most relevant and 

probably best analysed are the health effects due to air pollutants. However, other 

damages are also relevant, such as building and material damages, crop losses and 

biodiversity loss.  

 

Air pollution costs are one of the ext ernal cost categor ies that has been analysed the most . 

Since the nineties a broad range of international studies and research projects have been 

conducted, particularly  on European level. In the last few years, there haven õt been many 

large international s tudies covering the entire  impact pathway from emission to impact and 

costs. However, epidemiological research has carried on, investigating the dose -response-

relationship between the exposure of air pollutants and the associated health risk s. 

4.2  Definition a nd scope 

The present Handbook covers the following four types of impacts caused by the emission of 

transport related air pollutions:  

ñ Health effects:  The inhalation of air pollutants such as particles (PM 10, PM2.5) and 

nitrogen oxides (NOx) leads to a higher risk of respiratory and cardiovascular diseases 

(e.g. bronchitis, asthm a, lung cancer) . These negative health effects lead to medical 

treatment costs, production lo ss at work (due to illness) and, in some cases,  even to 

death.  

ñ Crop losses: Ozone as a secondary air pollutant (mainly caused by the emission of NO x 

and VOC) and other acidic air pollutants (e.g. SO 2, NOx) can damage agricultural crops. 

As a result , an increased concentration of ozone and other substances can lead to lower 

crop yield s (e.g. for wheat).  

ñ Material and building damage:  Air pollutants can mainly lead to two types of damage to 

buil dings and other materials: a) pollution of building surf aces through particles and 

dust;  b) damage of building facades and materials due to corro sion processes, caused by 

acidic substances (e.g. nitrogen oxides NOx or sulphur oxide SO2).  

ñ Biodiversity loss:  Air pollutants can lead to damage to ecosystems. The most important 

damages are a) the acidification of soil, precipitation and water (e.g. by N Ox, SO2) and 

b) the eutrophication of ecosystems (e.g. by NO x, NH3). Damages to ecosystems can lead 

to a decrease in biodiversity (flora  & fauna).  

4.3  Total and average air pollution costs  

4.3.1  Methodology  

Total and average air pollution costs are calculated by a bottom -up approach. Figure 3 

illustrates the methodology used.  
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Figure 3 ð Methodology total and average costs of air pollution  

 
 

 

There are two main type s of input values: the emissions and the cost factors per ton ne of 

pollutants.  

 

For the emissions, there are two different approaches. For the total and average costs, the 

emissions are calculated by using average emission factors per vehicle type and country 

(e.g. for road transport from the COPERT database). The em ission factors applied are on 

the same level of differentiation as the transport data used. Total emissions are derived 

from the emission factors (ton ne of pollutant per vkm) and the transport performance data 

(e.g. vkm), leading to a consistent set of emi ssions, that are in line with the emission 

databases (e.g. COPERT) and the official transport statistics from the EU (Eurostat).  The 

resulting total emissions have been cross checked with the total emission database from  the 

European Monitoring and Evaluation Program under auspices of the European Environmental 

Agency (EMEP/ EEA). The overall results are well comparable for the main pollutants (NO x, 

PM), although there are some differences (above all for NMVOC), as a result of different 

transport data and em ission factors from the different sources (COPERT and Eurostat vs. 

EMEP/EEA). This difference cannot be avoided under the premise to take COPERT for 

emission data and Eurostat for transport data as the main data source s. This issue is, 

however, not relevan t for any average and marginal cost factors, but only for the total 

costs. In the following section, an overview of the main data sources is present ed.  

 

The second type of input value are the cost factors per pollutants. The cost factors have 

been calculated in detail, based on the NEEDS approach, also taking into account the latest 

results from other studies (e.g. (UBA, 2018), (Rabl, et al., 2014) , (OECD, 2014)). This has 

been done for the EU28 and a limited number of EU Member States in an on -going study by 

CE Delft. In the study at hand, this set has been extended to all member States and also for 

emissions from other sources. The following section briefly explain s the methodology 

followed for calculating the cost factors per pollutant .  
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Methodology to derive damage cost factors  

The method used for damage cost estimati on is the same approach as followed in the 

Handbook Environmental Prices (CE Delft, 2018). This Handbook gives a damage cost 

estimation  for over 2 ,500 pollutants . It is based on a combination of two models:  

ñ Economic damage cost estimates, as performed in NEEDS (2008).  

ñ Lifecycle Assessment, as performed in RECIPE (2013).  

 

Both models have been adjusted to the most recent insights. For the present project 

especially the first model, the NEEDS model, is relevant. The core of th e NEEDS-project is 

an Impact-Pathway model (EcoSense) that estimates the relationship between emissions and 

eventual impacts (see Figure 4). The Impact Pathway Approach (IPA) has been used in 

several international research projects initiated by the European Commission, starting with 

the original ExternE study implemented in the mid-1990s. We have adopted this model to 

reflect the most recent  insights on the relationship between emissions and damage.  

 

The starting point of the quantification of the cost factors is the NEEDS (2008) results, as 

they have been published in e.g. Desgauilles et al (2011) and further elaborated in Rabl et 

al. (2014). Within the NEEDS model, the impact -pathway approach is followed, in which an 

emission ñ through dispersion ñ results in an intake (immission) at receptor points.  

 

Figure 4 ð The Impact Pathway Approach for calculating air pollut ion costs  

 
Source: CE Delft, 2010, based on NEEDS, 2008. 
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Since 2009 there has been no further development of NEEDS and neither of the rival model 

of CAFE-CBA (IIASA, 2014). It is also striking is that recent shadow price manua ls for Ireland, 

Belgium and Germany (under development) are still based on the NEEDS methodology owing 

to its far greater transparency. However, one cannot simply take the NEEDS values and 

apply them to air pollution because the estimation results are over  a decade old and many 

things have changed: background concentration levels, knowledge about impacts from 

pollution and the valuation framework. For that reason, adaptations to the NEEDS 

framework must be made. This is possible since we have the possession of a great deal of 

modelling outcomes from the NEEDS model so that we can make required changes to reflect 

more recent insights.  

 

In total, to recalculate cost factors for air pollutants in the present study, five 

ôadjustmentsõ (i.e. update calculations) were made to the NEEDS results. 

These adjustments are broadly the same as in the Env ironmental Pricing Handbook  

(CE Delft, 2018), but they are now applied to the EU context. These five adjustments can 

be described as follows:  

1. Concentration Response Functions (Step 3 in the figure above) have been adapted to the 

WHO (2013) study. The taken steps are described in Annex C. 

2. The population size and population structure (age cohorts) is based on the most recent 

data from Eur ostat.  

3. The influence of the background concentration is estimated on the basis of the 

relationship between damage and emissions for various emission scenarios from NEEDS 

(2008). On this basis, by letting all other factors remain the same, we can estimate t he 

impact of a change in emissions on the harmfulness of these emissions. This harmfulness 

is then the result of the change in the background concentration.  

4. The valuation has been adjusted to the most recent insights with respect to valuation. 

For human health we refer to Annex A. The change in valuation of ecosystems and 

buildings, has been elaborate d in more detail in Annex C.  

5. Finally, a subdivision was made for both PM 2.5 and NO2 to the population density 

(people living in cities or in rural areas have different damage from pollution).  

For PM2.5 a further distinction was being made to transport emissions and other sources 

of emissions. For PM2.5 and NOx specific emission damages from electricity generation 

have also been calculated, as this information may be relevant to estimate the damage 

costs of electrical vehicles.  

 

A detailed discussion of the adaptations is presented in Annex C.  

4.3.2  Input values  

Emissions 

Table 13 gives an overview on the data sources used for calculating the emissions of air 

pollutants for the different transport modes.  For all data, 2016 was taken as the reference 

year (transport data and emission factors), also for COPERT.  
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Table 13 ð Data sources for the emissions of air pollutants for different transport modes  

 Transport data  Emission factors (for 

total and average costs)  

Emission factors  

(for selected cases)  

Road Transport EU Transport in Figures, 

Eurostat and COPERT v5 

COPERT database v5 

(country data)  

COPERT database v5 

(country data)  

ñ Passenger transport EU Transport in Figures, 

Eurostat and COPERT v5, 

TRACCS database 

COPERT database v5 

(country data)  

COPERT database v5 

(country data)  

ñ Freight transport  Eurostat and COPERT v5, 

TRACCS database 

Rail Transport Eurostat, EU Transport in 

Figures and TREMOVE 

TREMOD (IFEU, 2017) TREMOD (IFEU, 2017) 

Air Transport  airports (survey), 

Eurostat 

TREMOD (IFEU, 2017) EEA, EMEP Guidebook; 

TREMOD 

Inland Waterways EU Transport in Figures 

and Eurostat 

EcoTransitWorld and 

TREMOD (IFEU, 2017) 

EcoTransitWorld and 

TREMOD (IFEU, 2017) 

Maritime ports (survey) ISL Bremen ISL Bremen 

Cost factors  

The following table s summarises the cost factors for air pollution used for calculating the 

health and other effects.  Table 14 includes the cost factors per country for pollutants 

emitted in road, rail and inland waterway transport . Table 15 shows the cost factors for 

maritime transport.  

 

Luxembourg has particularly high values compared to other countries. This is primarily due 

to the high value of the VOLY. Islands, such as Malta, Cyprus and Ireland, tend to have 

lower damage costs than countries in the mainland with comparable levels of income in 

purchasing power parities. 15 Bulgaria, Latvia and Estonia tend to have lower damage costs 

because of their lower income levels.  

 

Table 14 ð Air pollution costs: average damage cost  in û/kg emission, national averages for transport emissions 

in 2016  (excl.  maritime) (All  effects: health effects, crop loss, biodiversity loss, material damage)  

û2016 /kg NH3 NMVOC SO2 NOx 

transport 

city°  

NOx 

transport 

rural°  

PM2.5  

transport 

metropole °  

PM2.5  

transport 

city °  

PM2.5  

transport 

rural °  

PM10 

average* 

Austria 27.8 2.3 16.2 41.4 24.3 466 151 87 30.9 

Belgium 38.2 3.6 17.1 26.1 15.1 479 155 114 47.2 

Bulgaria 5.6 0 4.2 10 5.9 191 61 30 5.4 

Croatia 17.9 0.9 8 18.5 11.4 292 95 54 8.2 

Cyprus 3.8 -0.4 7.8 8.1 4.5 n.a.** 71 17 20.1 

Czech Republic 27.4 1.1 11.6 24.8 14.8 361 116 72 39.6 

Denmark 14.0 1.5 9.6 16.2 9.6 470 151 59 15 

Estonia 10.5 0.3 5.2 5.4 3.4 n.a.** 102 35 4.9 

Finland 7.0 0.4 4.6 5.3 3.5 366 118 32 11.9 

France 15.4 1.5 13.9 27.2 16.2 407 131 87 5.9 

Germany 28.1 1.8 16.5 36.8 21.6 448 144 93 24.7 

________________________________ 
15  The negative value for NMVOC emissions in Cyprus is related to the fact that NO x is the main precursor of ozone 

in Cyprus and that emissions of NMVOC tend to lower the ozone concentrations.  
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û2016 /kg NH3 NMVOC SO2 NOx 

transport 

city°  

NOx 

transport 

rural°  

PM2.5  

transport 

metropole °  

PM2.5  

transport 

city °  

PM2.5  

transport 

rural °  

PM10 

average* 

Greece 4.8 0.3 5.9 5.1 3.1 267 86 33 24.8 

Hungary 18.9 0.8 9.9 26.8 15.8 317 102 59 8.5 

Ireland 4.1 1.7 11.8 17.6 10.1 568 183 68 12.2 

Italy  21.6 1.1 12.7 25.4 15.1 409 132 79 19 

Latvia 8.7 0.4 4.8 7.2 4.4 251 81 28 17.2 

Lithuania 7.9 0.6 6.4 12.1 7.1 300 98 38 27 

Luxembourg 60.0 6.2 29.3 66.8 38.4 n.a.** 278 191 8 

Malta 6.4 0.4 4.3 2.3 1.4 n.a.** 72 18 63.9 

Netherlands 30.0 2.8 20.2 26.5 15.3 458 148 101 5.6 

Poland 14.4 0.7 8.2 14.7 8.9 282 91 52 5.2 

Portugal 4.3 0.5 4.1 2.8 1.7 292 94 39 47.3 

Romania 9.4 0.5 7.3 19.4 11.2 272 88 42 16.1 

Slovakia 24.4 0.7 10.1 24.8 14.7 328 105 59 12.3 

Slovenia 23.8 1.2 9.2 22.3 13.7 n.a.** 93 52 12 

Spain 6.4 0.7 6.8 8.5 5.1 348 112 46 10.2 

Sweden 10.6 0.7 5.5 9.5 6 374 120 38 15.2 

United Kingdom 17.6 1.4 10 13.6 7.9 380 122 65 16.2 

EU28 17.5  1.2  10.9 21.3 12.6 381 123 70 22.3  

Notes:  

*  PM10 cost factors can be used for the non -exhaust emission of particles  PM, e.g. from brake and tyre abrasion. 

**  Metropole only applies to cities larger than 0 .5 million inhabitants. Some countries do not have such cities 

hence these damage values are hence not being reported. This is the case for Slovenia, Malta, Luxembourg, 

Estonia and Cyprus. 

°  Rural area: outside cities; metropolitan area: cities /agglomeration with more than 0. 5 million inhabitants.  

 

Table 15 ð Air pollution costs: average damage cost  in û/kg emission, national averages for maritime emissions  

in 2016  (all effects: health effects, crop loss, biodiversity loss, material damage)  

û2016/kg NH3 NMVOC SO2 NOx  PM2.5  PM10 

Atlantic  0.0 0.4 3.5 3.8 7.2 4.1 

Baltic 0.0 1.0 6.9 7.9 18.3 10.4 

Black Sea 0.0 0.2 11.1 7.8 30.0 17.1 

Mediterrenean 0.0 0.5 9.2 3.0 24.6 14.0 

North Sea 0.0 2.3 10.5 10.7 34.4 19.7 

 

4.3.3  Output values  

The following tables show the resulting cost factors (output values) for the air pollution 

costs per vehicle type. The tables include the total costs as well as the average costs per 

vkm and per pkm or tkm. 
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Table 16 - Total and average air pollution costs for land -based modes for the EU28  

Transport mode  Total costs EU28  Average costs  

Passenger transport  Billion û û-cent/pkm  û-cent/vkm  

Passenger car  33.36 0.71 1.14 

Passenger car ð petrol  8.58 0.33 0.53 

Passenger car ð diesel 24.79 1.18 1.90 

Motorcycle 1.84 1.12 1.17 

Bus 1.35 0.76 14.19 

Coach 2.67 0.73 14.34 

Total passenger road  39.23   

High speed passenger train 0.002 0.002 0.66 

Passenger train electric  0.03* 0.01 1.14 

Passenger train diesel 0.52 0.80 47.0 

Total passenger rail  0.55  

Total passenger transport  39.78  

Freight transport  Billion û û-cent/tkm  û-cent/vkm  

LCV 15.49 4.68 3.24 

LCV - petrol  0.33 1.72 1.17 

LCV - diesel 15.16 4.86 3.37 

HGV 13.93 0.76 9.38 

Total freight road  29.4 2  

Freight train electric  0.01 0.004 2.14 

Freight train diesel  0.66 0.68 305.39 

Total freight rail  0.67   

Inland Vessel 1.93 1.29 1,869 

Total freight transport  32.0 2  

Total road, rail, inland 

waterway  
71. 80  

*  Total  costs without highspeed passenger trains (average costs for passenger train electric: incl. high speed 

trains). 

 

Table 17 ð Total and a verage air pollution costs for aviation for 33 selected E U airports  

Type of flight  Billion û û-cent/pkm  û-cent/ pax* 

Short haul (< 1,500 km) 0.27 0.30 163 

Medium haul (1,500ð5,000 km) 0.38 0.13 231 

Long haul (> 5,000 km) 0.36 0.06 444 

Total  1.01 0.10 246 

* Costs per pax are including the complete flight (not only the half -way principle ). 

 

 

Table 18 presents rough estimates for the average external air pollution costs of maritime 

transport. These data are  only available for freight. The average cost have been based on 

the cost for reference cases presented in Section 4.4 and data on the number of p ort calls 

for the selected ports from Eurostat. The total air pollution cost has been based on the 

average cost and the number of tkms provided by DG MOVE16. The available data does not 

allow an estimate of costs at the individual port level.  

________________________________ 
16  Some assumptions had to be made for calculating maritime transport performance. The Eurostat transport 

volumes (i.e. tonnes) and distance matrices hav e been used for this purpose. By assumption, 50% of the 
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Table 18 ð Rough estimates for t otal and average external air pollution costs for maritime transport for 34 

selected EU ports  

Transport mode  Total costs ( bn û) Average costs (û-cent/tkm)  

Freight ship 29 0.4 

 

4.4  Marginal air pollution costs for selected cases  

For air pollution costs, the marginal costs are virtually the same as the average costs. 

This is mainly because the dose-response relationships between the immissions of air 

pollutants and health effects (or other damages) are nearly linear according to 

epidemiological studies. Therefore, the present chapter also covers average air pollution 

costs. The methodology used is the same as for the total and average costs (see Figure 3 

above). 

 

The costs for road vehicles are presented for all diffe rentiations provided by COPERT, e.g. 

different fuel types, engines or vehicle sizes, emission classes and regional areas. It needs 

to be emphasized that for a modern car (after Euro 1), engine size is not a cost driver for 

the air pollution costs of cars. Therefore, these costs are identical for the various engine 

size classes. Any differences are the result of rounding numbers from the COPERT data.  

 

Table 19 on marginal air pollution costs for road transport shows the costs per pkm or tkm 

(except for LCV, where costs per vkm are presented due to the fact that LCV have 

characteristics of freight and passenger transport). The costs per vkm for the different 

vehicle categories of road transport are available in the background Excel file.  

 

Table 19 ð Marginal air pollution costs road transport for selected cases  

Vehicle  Fuel 

type  

Size Emission 

class 

Metropolitan area  Urban area  Rural area  

Motorway  Urban 

road 

Other 

road 

Motorway  Urban 

road 

Motorway  Rural 

road 

Passenger transport (û-cent per pkm) 

Passenger 

Cars 

 

Petrol  

 

Mini  

< 0.8 l  

 

Euro 4 0.05 0.12 0.06 0.04 0.10 0.02 0.03 

Euro 5 0.05 0.08 0.06 0.03 0.06 0.02 0.02 

Euro 6 0.05 0.09 0.06 0.03 0.06 0.02 0.02 

Small 

0.8ð1.4 l  

 

Euro 0 2.91 2.69 2.99 2.88 2.63 1.76 1.82 

Euro 1 0.82 0.55 0.48 0.79 0.50 0.50 0.29 

Euro 2 0.36 0.37 0.30 0.33 0.32 0.22 0.18 

Euro 3 0.17 0.19 0.15 0.15 0.17 0.11 0.10 

Euro 4 0.12 0.17 0.11 0.10 0.15 0.08 0.07 

Euro 5 0.12 0.13 0.10 0.09 0.11 0.08 0.07 

Euro 6 0.12 0.14 0.10 0.09 0.11 0.08 0.07 

Medium 

1.4ð2.0 l  

 

Euro 0 4.53 3.04 3.80 4.50 2.99 2.73 2.30 

Euro 1 0.86 0.55 0.48 0.83 0.50 0.52 0.29 

Euro 2 0.36 0.37 0.30 0.33 0.32 0.22 0.18 

________________________________ 

calculated transport performance is allocated to the origin country and 50% to the destination country 

between EU Countries and EFTA and candidate countries. For the international extra -EU activity, w here the 

corresponding partner is outside EU28 and is not an EFTA or candidate country, 100% of transport performance is 

allocated to the declaring EU MS country. These assumptions are used only for this study purposes and shall be 

considered as estimates and not as official data.  
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Vehicle  Fuel 

type  

Size Emission 

class 

Metropolitan area  Urban area  Rural area  

Motorway  Urban 

road 

Other 

road 

Motorway  Urban 

road 

Motorway  Rural 

road 

Euro 3 0.17 0.19 0.15 0.15 0.17 0.12 0.10 

Euro 4 0.12 0.17 0.11 0.10 0.15 0.08 0.07 

Euro 5 0.12 0.13 0.10 0.09 0.11 0.08 0.07 

Euro 6 0.12 0.14 0.10 0.09 0.11 0.08 0.07 

Large-SUV-

Executive 

> 2.0 l  

Euro 0 8.16 3.77 5.65 8.12 3.71 4.87 3.39 

Euro 1 0.88 0.55 0.48 0.85 0.50 0.53 0.29 

Euro 2 0.36 0.37 0.30 0.33 0.32 0.22 0.18 

Euro 3 0.17 0.19 0.15 0.15 0.17 0.12 0.10 

Euro 4 0.12 0.17 0.11 0.10 0.15 0.08 0.07 

Euro 5 0.12 0.13 0.10 0.09 0.11 0.08 0.07 

Euro 6 0.12 0.14 0.10 0.09 0.11 0.08 0.07 

Diesel 

 

Mini  

< 0.8 l  

 

Euro 4 1.65 1.70 1.21 1.20 1.17 0.73 0.49 

Euro 5 0.92 1.04 0.74 0.90 0.99 0.56 0.44 

Euro 6 0.76 0.86 0.61 0.75 0.82 0.47 0.37 

Small 

0.8ð1.4 l  

 

 

Euro 0 5.81 6.83 3.84 2.47 2.79 1.45 0.99 

Euro 1 4.17 2.56 2.28 2.05 1.50 1.22 0.77 

Euro 2 2.49 2.39 1.74 1.54 1.51 0.93 0.66 

Euro 3 2.45 1.90 1.66 1.59 1.37 0.96 0.71 

Euro 4 1.65 1.70 1.21 1.20 1.17 0.73 0.49 

Euro 5 0.92 1.04 0.74 0.90 0.99 0.56 0.44 

Euro 6 0.76 0.86 0.61 0.75 0.82 0.47 0.37 

Medium 

1.4ð2.0 l  

 

Euro 0 6.11 7.05 4.03 2.73 3.01 1.61 1.10 

Euro 1 4.21 2.56 2.29 2.06 1.50 1.22 0.77 

Euro 2 2.51 2.39 1.75 1.55 1.51 0.93 0.67 

Euro 3 2.47 1.90 1.66 1.60 1.37 0.97 0.71 

Euro 4 1.67 1.70 1.21 1.21 1.17 0.74 0.49 

Euro 5 0.93 1.04 0.74 0.90 0.99 0.56 0.44 

Euro 6 0.77 0.86 0.61 0.75 0.82 0.47 0.37 

Large-SUV-

Executive 

> 2.0 l  

Euro 0 6.41 7.27 4.22 3.00 3.23 1.77 1.22 

Euro 1 4.25 2.56 2.31 2.08 1.50 1.23 0.77 

Euro 2 2.53 2.40 1.75 1.56 1.51 0.94 0.67 

Euro 3 2.49 1.90 1.67 1.62 1.37 0.97 0.71 

Euro 4 1.68 1.70 1.21 1.22 1.17 0.74 0.49 

Euro 5 0.93 1.04 0.74 0.91 0.99 0.56 0.44 

Euro 6 0.77 0.86 0.61 0.76 0.82 0.47 0.37 

Petrol 

Hybrid 

(PHEV) 

Mini n.a.  0.09 0.06 0.07 0.09 0.06 0.08 0.06 

Small n.a.  0.09 0.06 0.07 0.09 0.06 0.08 0.06 

Large-SUV-

Executive 

n.a.  0.09 0.06 0.07 0.09 0.06 0.08 0.06 

LPG 

Bifuel 

Small  Euro 1 0.55 0.65 0.47 0.52 0.60 0.34 0.28 

Euro 2 0.27 0.31 0.23 0.24 0.26 0.17 0.14 

Euro 3 0.17 0.19 0.15 0.15 0.17 0.12 0.10 

Euro 4 0.12 0.17 0.11 0.10 0.15 0.08 0.07 

Euro 5 0.11 0.15 0.10 0.09 0.13 0.08 0.07 

Euro 6 0.11 0.15 0.10 0.09 0.13 0.08 0.07 

CNG 

Bifuel 

Small  Euro 4 0.12 0.17 0.11 0.10 0.15 0.09 0.08 

Euro 5 0.11 0.14 0.10 0.09 0.12 0.08 0.07 

Euro 6 0.11 0.14 0.10 0.09 0.12 0.08 0.07 
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Vehicle  Fuel 

type  

Size Emission 

class 

Metropolitan area  Urban area  Rural area  

Motorway  Urban 

road 

Other 

road 

Motorway  Urban 

road 

Motorway  Rural 

road 

Electric  

(BEV) 

n.a.  n.a.  0.06 0.05 0.05 0.06 0.05 0.06 0.05 

Moped Petrol  2-stroke 

< 50 cm³ 

Euro 0 7.46 7.45 7.45 3.13 3.13 2.20 2.19 

Euro 1 2.41 2.40 2.40 1.30 1.29 0.92 0.92 

Euro 2 1.61 1.60 1.60 0.97 0.96 0.70 0.69 

Euro 3 1.20 1.20 1.20 0.76 0.76 0.53 0.53 

4-stroke 

< 50 cm³ 

Euro 0 7.46 7.45 7.45 3.13 3.13 2.20 2.19 

Euro 1 2.01 2.00 2.00 1.02 1.02 0.64 0.63 

Euro 2 0.71 0.71 0.70 0.54 0.53 0.36 0.35 

Euro 3 0.57 0.57 0.57 0.47 0.47 0.31 0.31 

Motorcycle Petrol  2-stroke 

Ó 50 cm³ 

Euro 0 8.49 8.44 8.13 3.57 3.53 2.53 2.18 

Euro 1 3.52 3.34 3.29 1.56 1.38 1.10 0.88 

Euro 2 1.88 1.74 1.73 0.89 0.76 0.63 0.50 

Euro 3 0.69 0.61 0.61 0.40 0.31 0.31 0.23 

4-stroke 

< 250 cm³ 

Euro 0 2.00 1.45 1.67 1.51 0.96 0.93 0.73 

Euro 1 2.08 1.45 1.73 1.59 0.96 0.98 0.76 

Euro 2 1.49 0.72 1.00 1.36 0.60 0.84 0.54 

Euro 3 1.27 0.67 0.86 1.15 0.55 0.70 0.45 

4-stroke 

250-750 

cm³ 

Euro 0 2.24 1.55 1.69 1.75 1.06 1.08 0.77 

Euro 1 2.13 1.39 1.61 1.63 0.90 1.00 0.70 

Euro 2 0.90 0.42 0.51 0.78 0.29 0.50 0.25 

Euro 3 0.57 0.32 0.36 0.45 0.19 0.29 0.16 

4-stroke 

> 750 cm³ 

Euro 0 1.95 1.32 1.28 1.46 0.83 0.94 0.53 

Euro 1 1.93 1.18 1.31 1.44 0.68 0.89 0.51 

Euro 2 1.54 0.47 0.64 1.41 0.34 0.87 0.32 

Euro 3 0.89 0.34 0.43 0.77 0.22 0.48 0.20 

Electric   n.a.  0.02 0.02 0.02 0.02 0.02 0.02 0.02 

Urban 

buses  

 

Diesel Midi <=15 t  Euro 0 2.28 4.75 2.46 1.51 2.79 0.89 0.95 

Euro I 1.26 2.33 1.37 0.92 1.69 0.55 0.60 

Euro II 1.11 1.96 1.20 0.91 1.65 0.54 0.60 

Euro III 0.83 1.87 0.93 0.65 1.55 0.39 0.45 

Euro IV 0.47 0.95 0.54 0.43 0.87 0.26 0.30 

Euro V 0.39 1.15 0.44 0.33 1.06 0.20 0.24 

Euro VI 0.03 0.13 0.05 0.03 0.13 0.02 0.03 

Diesel Standard 

15-18 t 

Euro 0 2.11 4.40 2.35 1.59 3.00 0.94 1.04 

Euro I 1.30 2.53 1.43 0.96 1.80 0.57 0.63 

Euro II 1.16 2.09 1.26 0.95 1.75 0.56 0.62 

Euro III 0.86 1.93 0.98 0.69 1.60 0.41 0.48 

Euro IV 0.50 1.00 0.57 0.46 0.92 0.28 0.32 

Euro V 0.35 1.16 0.40 0.30 1.07 0.18 0.21 

Euro VI 0.03 0.12 0.04 0.03 0.11 0.02 0.03 

Diesel Articulated 

> 18 t  

Euro 0 2.19 4.54 2.51 1.64 3.12 0.97 1.10 

Euro I 1.37 2.64 1.52 1.00 1.88 0.59 0.67 

Euro II 1.19 2.18 1.31 0.96 1.80 0.57 0.64 

Euro III 0.90 1.98 1.02 0.73 1.63 0.43 0.50 

Euro IV 0.51 1.07 0.62 0.47 0.99 0.28 0.34 

Euro V 0.30 1.01 0.34 0.25 0.92 0.15 0.17 

Euro VI 0.03 0.09 0.04 0.03 0.08 0.02 0.03 
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Vehicle  Fuel 

type  

Size Emission 

class 

Metropolitan area  Urban area  Rural area  

Motorway  Urban 

road 

Other 

road 

Motorway  Urban 

road 

Motorway  Rural 

road 

CNG CNG buses Euro I 2.13 2.13 2.13 2.10 2.10 1.24 1.24 

Euro II 1.92 1.92 1.92 1.90 1.90 1.13 1.13 

Euro III 1.28 1.28 1.28 1.27 1.27 0.75 0.75 

EEV* 0.26 0.53 0.30 0.25 0.52 0.15 0.17 

Bio-

diesel 

Biodiesel 

buses 

Euro 0 2.10 4.36 2.34 1.58 2.97 0.93 1.02 

Euro I 1.29 2.49 1.42 0.95 1.76 0.56 0.62 

Euro II 1.15 2.05 1.24 0.94 1.71 0.55 0.61 

Euro III 0.85 1.90 0.97 0.68 1.56 0.40 0.46 

Euro IV 0.49 0.96 0.55 0.45 0.88 0.26 0.30 

Euro V 0.34 1.12 0.39 0.29 1.03 0.17 0.20 

Euro VI 0.02 0.08 0.03 0.01 0.07 0.01 0.01 

Electric  Small n.a.  0.01 0.05 0.02 0.01 0.05 0.01 0.02 

Medium n.a.  0.01 0.04 0.02 0.01 0.04 0.01 0.02 

Large n.a.  0.01 0.03 0.01 0.01 0.03 0.01 0.01 

Coaches Diesel Standard 

<=18 t 

Euro 0 1.77 3.99 2.02 1.35 2.77 0.80 0.88 

Euro I 1.34 3.19 1.56 1.02 2.21 0.60 0.68 

Euro II 1.24 2.64 1.39 1.05 2.21 0.62 0.69 

Euro III 1.01 2.67 1.19 0.83 2.12 0.50 0.57 

Euro IV 0.61 1.34 0.68 0.56 1.23 0.34 0.38 

Euro V 0.37 1.86 0.59 0.32 1.71 0.19 0.31 

Euro VI 0.04 0.21 0.07 0.03 0.19 0.02 0.04 

Diesel Articulated 

> 18 t  

Euro 0 1.42 3.22 1.62 1.07 2.26 0.63 0.71 

Euro I 1.04 2.51 1.23 0.79 1.77 0.47 0.54 

Euro II 0.95 2.05 1.08 0.79 1.72 0.47 0.54 

Euro III 0.73 1.97 0.88 0.60 1.56 0.36 0.42 

Euro IV 0.44 1.00 0.50 0.41 0.91 0.24 0.28 

Euro V 0.26 1.35 0.41 0.21 1.25 0.13 0.22 

Euro VI 0.02 0.14 0.04 0.02 0.13 0.01 0.03 

Light commercial vehicle (û-cent  per vkm)  

Light 

Commercial 

Vehicle 

Petrol   Euro 0 8.31 5.84 7.05 8.26 5.75 4.96 4.20 

Euro 1 1.32 1.20 1.02 1.27 1.12 0.80 0.61 

Euro 2 0.56 0.54 0.44 0.51 0.45 0.34 0.26 

Euro 3 0.39 0.33 0.29 0.36 0.30 0.25 0.19 

Euro 4 0.26 0.22 0.19 0.23 0.19 0.18 0.13 

Euro 5 0.27 0.16 0.18 0.17 0.13 0.14 0.10 

Euro 6 0.27 0.16 0.18 0.17 0.13 0.14 0.10 

Diesel  Euro 1 9.18 6.22 4.93 4.91 3.94 2.91 1.82 

Euro 2 9.18 6.22 4.93 4.91 3.94 2.91 1.82 

Euro 3 6.65 4.66 3.68 3.79 3.13 2.26 1.45 

Euro 4 4.19 3.13 2.46 2.69 2.34 1.62 1.09 

Euro 5 3.98 2.69 2.58 3.96 2.65 2.38 1.54 

Euro 6 3.24 2.19 2.10 3.22 2.16 1.94 1.26 

Electric   n.a.  0.10 0.08 0.07 0.10 0.08 0.10 0.07 

Freight transport (û-cent  per t km) 

HGV  

 

Diesel Rigid  

<=7,5 t 

 

Euro 0 22.05 30.29 21.88 15.44 18.35 9.19 8.71 

Euro I 13.38 15.86 12.34 10.57 11.17 6.32 5.66 

Euro II 12.35 12.87 10.96 10.35 10.78 6.20 5.58 

Euro III 8.79 11.65 8.41 7.54 9.18 4.54 4.22 
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Vehicle  Fuel 

type  

Size Emission 

class 

Metropolitan area  Urban area  Rural area  

Motorway  Urban 

road 

Other 

road 

Motorway  Urban 

road 

Motorway  Rural 

road 

Euro IV 5.74 6.28 5.18 5.28 5.77 3.21 2.93 

Euro V 2.84 7.85 2.96 2.37 7.20 1.49 1.59 

Euro VI 0.32 1.55 0.47 0.28 1.48 0.26 0.36 

Rigid  

7,5-12 t 

 

Euro 0 11.55 16.51 11.64 9.07 11.58 5.39 5.26 

Euro I 7.08 10.11 7.04 5.49 7.06 3.27 3.18 

Euro II 6.72 8.12 6.26 5.51 6.77 3.29 3.14 

Euro III 4.75 7.23 4.96 3.99 5.68 2.39 2.46 

Euro IV 2.97 3.81 2.99 2.73 3.49 1.65 1.67 

Euro V 1.55 4.93 1.77 1.28 4.53 0.79 0.93 

Euro VI 0.20 0.70 0.26 0.18 0.66 0.14 0.18 

Rigid  

12-14 t 

 

Euro 0 6.65 9.82 6.72 5.10 6.98 3.03 3.02 

Euro I 4.07 6.05 4.11 3.10 4.28 1.84 1.84 

Euro II 3.83 4.96 3.65 3.10 4.14 1.85 1.82 

Euro III 2.78 4.46 2.90 2.30 3.57 1.38 1.44 

Euro IV 1.67 2.39 1.74 1.54 2.20 0.93 0.98 

Euro V 0.89 2.89 1.06 0.74 2.66 0.45 0.56 

Euro VI 0.11 0.38 0.14 0.10 0.35 0.08 0.10 

Rigid  

14-20 t 

 

Euro 0 7.49 12.30 7.96 5.66 8.58 3.36 3.50 

Euro I 4.46 7.54 4.79 3.36 5.25 1.99 2.10 

Euro II 4.24 6.02 4.17 3.43 5.04 2.04 2.08 

Euro III 3.11 5.58 3.45 2.56 4.40 1.53 1.68 

Euro IV 1.88 2.86 2.00 1.74 2.63 1.04 1.12 

Euro V 1.02 3.91 1.62 0.85 3.61 0.52 0.87 

Euro VI 0.13 0.51 0.18 0.11 0.48 0.08 0.12 

Rigid  

20-26 t 

 

Euro 0 3.69 6.21 3.99 2.74 4.43 1.62 1.75 

Euro I 2.65 4.70 2.88 1.96 3.25 1.16 1.25 

Euro II 2.48 3.74 2.51 1.98 3.10 1.18 1.24 

Euro III 1.89 3.35 2.06 1.56 2.64 0.93 1.00 

Euro IV 1.13 1.75 1.20 1.05 1.60 0.63 0.67 

Euro V 0.58 2.17 0.85 0.48 1.98 0.29 0.45 

Euro VI 0.06 0.26 0.09 0.05 0.24 0.04 0.06 

Rigid  

26-28 t 

 

Euro 0 2.74 4.59 2.98 2.03 3.26 1.19 1.29 

Euro I 1.96 3.43 2.15 1.44 2.38 0.85 0.92 

Euro II 1.84 2.78 1.87 1.46 2.30 0.87 0.92 

Euro III 1.38 2.45 1.52 1.13 1.93 0.67 0.73 

Euro IV 0.82 1.29 0.87 0.76 1.18 0.46 0.48 

Euro V 0.39 1.58 0.61 0.32 1.45 0.19 0.32 

Euro VI 0.05 0.18 0.07 0.04 0.17 0.03 0.04 

Rigid  

28-32 t 

 

Euro 0 2.55 4.14 2.75 1.89 2.94 1.11 1.20 

Euro I 1.86 3.14 2.02 1.37 2.21 0.81 0.88 

Euro II 1.74 2.54 1.76 1.37 2.10 0.81 0.86 

Euro III 1.28 2.21 1.40 1.05 1.75 0.63 0.68 

Euro IV 0.76 1.19 0.82 0.71 1.09 0.42 0.45 

Euro V 0.33 1.34 0.49 0.27 1.23 0.16 0.25 

Euro VI 0.05 0.14 0.06 0.04 0.13 0.03 0.04 

Rigid  

> 32 t  

 

Euro 0 2.21 3.77 2.40 1.63 2.69 0.96 1.04 

Euro I 1.62 2.89 1.76 1.18 2.01 0.70 0.76 

Euro II 1.51 2.32 1.54 1.19 1.91 0.71 0.75 
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Vehicle  Fuel 

type  

Size Emission 

class 

Metropolitan area  Urban area  Rural area  

Motorway  Urban 

road 

Other 

road 

Motorway  Urban 

road 

Motorway  Rural 

road 

Euro III 1.14 2.02 1.25 0.93 1.60 0.55 0.61 

Euro IV 0.68 1.08 0.73 0.63 0.99 0.38 0.40 

Euro V 0.32 1.20 0.45 0.26 1.10 0.16 0.23 

Euro VI 0.03 0.13 0.05 0.03 0.12 0.02 0.03 

Articulated  

14-20 t 

 

Euro 0 3.99 6.74 4.33 3.00 4.74 1.77 1.89 

Euro I 2.44 4.14 2.60 1.80 2.88 1.06 1.12 

Euro II 2.27 3.33 2.27 1.81 2.77 1.07 1.11 

Euro III 1.70 3.01 1.85 1.38 2.38 0.82 0.89 

Euro IV 1.00 1.55 1.07 0.92 1.41 0.54 0.58 

Euro V 0.51 1.95 0.76 0.42 1.79 0.25 0.39 

Euro VI 0.05 0.17 0.06 0.04 0.15 0.02 0.03 

Articulated  

20-28 t 

 

Euro 0 3.54 6.07 3.87 2.60 4.36 1.54 1.70 

Euro I 2.58 4.56 2.84 1.88 3.23 1.11 1.23 

Euro II 2.37 3.68 2.43 1.86 3.05 1.10 1.19 

Euro III 1.77 3.25 1.97 1.42 2.58 0.85 0.95 

Euro IV 1.03 1.73 1.14 0.95 1.59 0.57 0.63 

Euro V 0.52 2.01 0.76 0.43 1.84 0.26 0.40 

Euro VI 0.07 0.22 0.08 0.06 0.20 0.04 0.05 

Articulated  

28-34 t 

 

Euro 0 2.21 3.84 2.42 1.62 2.76 0.96 1.06 

Euro I 1.62 2.89 1.77 1.17 2.03 0.69 0.77 

Euro II 1.47 2.31 1.51 1.14 1.91 0.68 0.74 

Euro III 1.09 2.01 1.22 0.88 1.60 0.52 0.59 

Euro IV 0.63 1.09 0.71 0.58 1.00 0.35 0.39 

Euro V 0.30 1.18 0.44 0.25 1.07 0.15 0.23 

Euro VI 0.04 0.12 0.05 0.04 0.11 0.03 0.03 

Articulated  

34-40 t 

 

Euro 0 2.18 3.92 2.41 1.59 2.81 0.94 1.05 

Euro I 1.59 2.98 1.77 1.15 2.07 0.68 0.76 

Euro II 1.47 2.39 1.53 1.15 1.96 0.68 0.74 

Euro III 1.11 2.07 1.24 0.90 1.64 0.54 0.60 

Euro IV 0.65 1.10 0.72 0.60 1.01 0.36 0.40 

Euro V 0.32 1.20 0.45 0.26 1.08 0.16 0.23 

Euro VI 0.03 0.12 0.04 0.03 0.11 0.02 0.03 

Articu lated  

40-50 t 

 

Euro 0 2.07 3.74 2.30 1.51 2.69 0.89 1.01 

Euro I 1.53 2.84 1.69 1.09 1.97 0.65 0.72 

Euro II 1.40 2.27 1.46 1.09 1.86 0.64 0.71 

Euro III 1.04 1.93 1.17 0.85 1.54 0.50 0.57 

Euro IV 0.62 1.05 0.68 0.57 0.97 0.34 0.38 

Euro V 0.28 1.04 0.39 0.23 0.94 0.14 0.20 

Euro VI 0.03 0.10 0.04 0.02 0.09 0.02 0.02 

Articu lated  

50-60 t 

 

Euro 0 2.16 3.94 2.41 1.58 2.86 0.93 1.06 

Euro I 1.59 2.97 1.77 1.13 2.07 0.67 0.76 

Euro II 1.45 2.39 1.52 1.12 1.95 0.66 0.73 

Euro III 1.09 2.04 1.21 0.88 1.62 0.52 0.59 

Euro IV 0.60 1.09 0.71 0.55 1.01 0.33 0.39 

Euro V 0.27 1.00 0.38 0.22 0.89 0.13 0.19 

Euro VI 0.03 0.10 0.04 0.02 0.09 0.02 0.02 

LNG Articu lated 

32 t+ 

n.a.  

0.03 0.09 0.03 0.02 0.08 0.02 0.02 
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*  EEV: Enhanced environmentally friendly  vehicle. European emission standard for the  definition of a ôclean 

vehicleõ > 3.5 t. Emission level between Euro V and Euro VI. 

 

Table 20 - Marginal  air pollution costs ra il transport for selected cases  

Train type  Traction  Emission class Metropolitan 

area 

Urban area  Rural area 

Passenger transport (û-cent per pkm)  

High speed 

train 1) 

Electric  n.a.  0.002 0.002 0.002 

Intercity train  Electric  n.a.  0.01 0.01 0.01 

Diesel Equipped with EGR/SCR 0.47 0.38 0.23 

Not Equipped with EGR/SC 0.70 0.67 0.40 

Regional train Electric  n.a.  0.02 0.02 0.02 

Diesel Equipped with EGR/SCR 1.52 1.17 0.71 

Not Equipped with 

EGR/SCR 

2.10 1.99 1.20 

Freight transport (û-cent  per tkm)  

Short 

container 

freight train 

(420 metres) 

 

Electric  n.a.  0.004 0.004 0.004 

Diesel 

 

Equipped with EGR/SCR 0.356 0.309 0.184 

Not Equipped with 

EGR/SCR 

0.781 0.638 0.377 

Short bulk 

freight train  

(300 metres) 

Electric  n.a.  0.004 0.004 0.004 

Diesel Equipped with EGR/SCR 0.238 0.207 0.123 

Not Equipped with 

EGR/SCR 

0.521 0.426 0.252 

Long container 

freight train 

(620 metres) 

Electric  n.a.  0.004 0.004 0.004 

Diesel Equipped with EGR/SCR 0.128 0.111 0.067 

Not Equipped with 

EGR/SCR 

0.280 0.229 0.136 

Long bulk 

freight train  

(440 metres) 

Electric  n.a.  0.004 0.004 0.004 

Diesel Equipped with EGR/SCR 0.113 0.098 0.059 

Not Equipped with 

EGR/SCR 

0.245 0.200 0.119 

1)  There is no literature on the differences between h igh-speed trains and ônormalõ intercity trains in terms of PM 

non-exhaust emissions. Most of the PM-emissions are caused by braking. Newer brake pads cause much less PM 

non-exhaust emissions than old cast iron brake pads. High-speed trains have probably newer brake pads. 

Tough high-speed trains are heavier and drive faster, they brake less because of the less winding tracks. It is 

not known how PM non-exhaust emissions from high-speed trains behave compared to Intercity -trains. 

Thatõs why these are here equated with ônormalõ Intercity trains.  
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Table 21 ð Marginal air pollution costs IWT for selected cases  

Vessel type  Type of cargo  Emission class Urban area  Rural area  

û-cent/tkm  û-cent/vkm  û-cent/tkm  û-cent/vkm  

CEMT II (350 t)  Bulk  CCNR 0 3.36 1,074 1.98 631 

CCNR 1 2.82 899 1.66 529 

CCNR 2 1.82 580 1.07 342 

Average 3.25 1,039 1.91 610 

Container CCNR 0 2.14 1,074 1.26 631 

CCNR 1 1.79 899 1.05 529 

CCNR 2 1.15 580 0.68 342 

Average 2.07 1,039 1.21 610 

CEMT IV 

(600 t)  

Bulk  

 

CCNR 0 2.00 1,594 1.17 936 

CCNR 1 1.67 1,335 0.98 786 

CCNR 2 1.08 861 0.64 507 

Average 1.84 1,470 1.08 864 

CEMT Va 

(1,500 t)  

Bulk  CCNR 0 1.82 2,912 1.07 1,711 

CCNR 1 1.53 2,439 0.90 1,435 

CCNR 2 0.99 1,573 0.58 926 

Average 1.53 2,449 0.90 1,440 

Container CCNR 0 2.06 2,912 1.21 1,711 

CCNR 1 1.73 2,439 1.02 1,435 

CCNR 2 1.12 1,573 0.66 926 

Average 1.74 2,449 1.02 1,440 

Pushed convoy 

(11,000 t)  

Bulk  CCNR 0 1.48 7,799 0.87 4,582 

CCNR 1 1.24 6,531 0.73 3,844 

CCNR 2 0.80 4,213 0.47 2,480 

Average 0.89 4,714 0.53 2,775 

Container CCNR 0 1.10 7,799 0.65 4,582 

CCNR 1 0.92 6,531 0.54 3,844 

CCNR 2 0.60 4,213 0.35 2,480 

Average 0.67 4,714 0.39 2,775 
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Table 22 ð Marginal air pollution costs maritime transport for selected cases  

Vessel type  Distance at 

sea (km)  

Tier  û per port call   û-cent per  

pkm or tkm  

û per vessel-km 

Passenger transport  

RoPax Ferry  

(25,500 gt) 

100 Tier 0 19,232 36.42 192 

100 Tier 1 16,731 31.69 167 

100 Tier 2 15,198 28.78 152 

500 Tier 0 64,986 24.62 130 

500 Tier 1 58,691 22.23 117 

500 Tier 2 54,832 20.77 110 

Freight transport            

Small container 

vessel (28,500 gt) 

500 Tier 0 137,036 1.14 274 

500 Tier 1 119,408 1.00 239 

500 Tier 2 108,604 0.91 217 

3000 Tier 0 370,353 0.51 123 

3,000 Tier 1 365,811 0.51 122 

3000 Tier 2 206,856 0.29 69 

Large container 

vessel  

(143,000 gt) 

500 Tier 0 259,014 0.45 518 

500 Tier 1 232,364 0.40 465 

500 Tier 2 216,030 0.38 432 

3000 Tier 0 868,167 0.25 289 

3,000 Tier 1 858,333 0.25 286 

3000 Tier 2 514,162 0.15 171 

15000 Tier 0 3,041,358 0.18 203 

15,000 Tier 1 2,695,909 0.16 180 

15000 Tier 2 1,751,684 0.10 117 

Small bulk vessel 

(18,000 gt) 

500 Tier 0 46,763 0.62 94 

500 Tier 1 41,614 0.55 83 

500 Tier 2 38,459 0.51 77 

3000 Tier 0 149,567 0.33 50 

3,000 Tier 1 147,827 0.33 49 

3000 Tier 2 86,922 0.19 29 

Large bulk vessel 

(105,000 gt) 

500 Tier 0 115,019 0.22 230 

500 Tier 1 102,473 0.20 205 

500 Tier 2 94,783 0.18 190 

3000 Tier 0 358,106 0.12 119 

3,000 Tier 1 354,077 0.11 118 

3000 Tier 2 213,057 0.07 71 

15000 Tier 0 1,232,817 0.08 82 

15,000 Tier 1 1,095,755 0.07 73 

15000 Tier 2 721,118 0.05 48 
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Table 23 ð Marginal air pollution costs aviation for selected cases  

Type of flight  Distance 

[km]  

Emission 

class 

Example of aircraft 

type  

û per 

LTO* 

 û-cent per 

pkm* 

 û per pax* 

Short haul 500 Low  Bombardier CRJ900 101 0.28 1.42 

500 High Embraer 170  137 0.30 1.52 

Medium haul  1,500 Low  Airbus 320 165 0.07 1.11 

1,500 High Boeing 737 185 0.11 1.58 

3,000 Low  Airbus 320 219 0.05 1.47 

3,000 High Boeing 737 245 0.07 2.09 

Long haul  5,000 Low  Airbus 340 502 0.03 1.70 

5,000 High Boeing 777 833 0.04 1.92 

15,000 Low  Airbus 340 711 0.02 2.41 

15,000 High Boeing 777 1.179 0.02 2.72 

*  For the cost factors for air pollution costs the emissions during the LTO cycle are mainly relevant, as the cruise 

emissions almost lead to no damage costs. 

 

 

The marginal costs of aviation for selected cases and aircrafts cannot be directly compared 

with the average costs: The marginal costs refer to very specific aircraft types, distances 

and loading factors that do not match the average. E.g. for short haul flights, the a verage 

number of passenger per flight is substantially higher than for the selected cases (since 

many short haul flights are done by larger aircraft). Additionally, the average distances are 

different than the one use in the selected cases.  

4.5  Robustness of results  

Generally, the air pollution costs have had a long history of research and are therefore 

investigated and analysed in a very detailed way. For example, the scientific knowledge on 

dose-response relationships for diseases induced by air pollutants i s very profound. 

Hence, compared to other cost categories, the cost factors  for  air pollution costs can be 

regarded as robust. 

 

For the present Handbook, the most important parameters for the robustness of the results 

are the quality of the emission factor s and the cost factors for the different air pollutants 

(damage costs per air pollutant ), which  are listed hereafter .  

Emission factors  

ñ For road transport, the COPERT database is the main input , which is a widely used 

source and considered a reliable data source. However, it is not clear to what extent 

the emissions data used fully reflect the latest findings o n real world emissions, e.g. 

due to  degradation and/or failure of particulate filters a nd catalysts in older vehicles.  

ñ For other modes, the emission factors are from different sources, mainly from TREMOD 

(from the German Umweltbundesamt) and EcoTransitWorld. Both data bases are of high 

quality. However, the differentiated emission factors for different emission classes for  

rail, inland waterways and maritime have a higher uncertainty.  
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Damage cost factors  

ñ The estimation of damage cost factors is based on the NEEDS approach and includes a 

broad update of the NEEDS data. It includes on the one hand up -to-date data on 

concentration response functions and t he valuation of damage , and on the other hand 

differentiated data per country on population size and structure (density) and 

background concentration. Overall, we regard the quality of the damage cost factors 

per country and ai r pollutant as high, although an update of the NEEDS study is 

recommended. 

ñ The cost factors reflect the cost for which the causal relation between emissions and 

health impacts has been proven. However, for some potential health problems, a causal 

relation is suspected, but not scientifically proven (yet). When it turns out that these 

relations can be proven by ongoing research, this would result in higher cost estimates.  

ñ An important factor for uncertainties is the valuation of immaterial damage (i.e. value  

of value of life year lost VOLY).  The value used is based on a meta-analysis, however, 

due to results from various studies vary ing significantly , some uncertainty in the value 

used is unavoidable.  

ñ One of the peer reviewers commented on the way own consumption is considered. 

Generally it is assumed that it is included in the WTP, but it was argued that it should 

not be. We have included it in the WTP.  
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5 Climate change costs  

5.1  Introduction  

Due to the fact that the effects of climate change are global, long -term  and have risk 

patterns that are difficult to anticipate, identifying the costs associated with these effects 

is extremely complex. Transport results in emissions of CO2, N2O and CH4 (methane), all of 

which are greenhouse gases contributing to climate chan ge. Therefore,  identifying the 

climate costs of transport is extremely important. This chapter discusses the methodology 

to value the climate costs of transport .  

 

In Section 5.2 we first briefly discuss the definition and sco pe of climate change costs. 

The total and average climat e change costs are explored in Section 5.3, and the marginal 

climate change costs are the topic of Section 5.4. Finally, the robustness of the climate 

change cost figures presented in this chapter is analysed in Section 0. More detailed 

information on  the effects of  climate change and their monetary valuation  can be found in 

Annex D. 

5.2  Definition and scope  

The emission of greenhouse gases into the atmosphere leads to global warming and climate 

change. The IPCC (2013) has estimated that without concrete climate polic ies temperatures 

may be expected to rise significantly by the end of the century. Such radical change will 

have an important and largely irreversible impact on ecosystems, human health and 

societies. Climate change costs are defined as the costs associated with  all of the effects of  

global warming, such as sea level rise, biodiversity loss , water management  issues, more 

and more frequent weather extremes and crop failures . For a more detailed d iscussion of 

the effects of c limate change we refer to Annex D.2. 

 

The climate change costs are calculated for all five transport modes. For road, (diesel-

powered) rail, inland waterway and maritime transport , t he global warming impacts of 

transport are mainly  caused by CO2, N2O and CH4. This chapter focusses on how to calculate 

the total, average and marginal costs of climate change for these transport modes. 

However, for aviation there are also other aircraft emissions such as water vapour, 

sulphate and soot aerosols which are harmful to the climate when emitted at high altitudes . 

We slightly adapt the  methodology used for other transport modes to make it suitable to 

calculate the climate change costs from aviation (see the textbox in Section 5.3.1). 

For maritime, it is importan t to note that a number of exhaust emissions (e.g. NO x and SO2) 

lead to (short -term) cooling effects, which implies that maritime transport currently has a 

net cooling effect on the global climate (Eyring, et al., 2009) . Althoug h it is complicated to 

compare the local, short -term cooling effects to the long term global warming effects, 

global warming potentials help this comparison (see textbox in Section 5.3.1).  
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5.3  Total and average climate change costs  

5.3.1  Methodology  

Total and average climate costs are calcul ated using a bottom -up approach. Figure 5 

illustrates the corresponding methodology  for road, rail, inland waterway , aviation  and 

maritime transport. The methodology presented in this section i s identical to the 

methodology used in both earlier editions of the Handbook  for all transport modes . 

 

Figure  5 ð Methodology total and average climate change costs  

 
 

 

Three input values are used: the GHG emission factors per vehicle type , vehicle 

performance data and the climate change costs per tonne of CO 2 equivalent. The GHG 

emissions per vehicle type can be calculated  by multiplying the vehicle kilometres per 

vehicle type in each country with the vehicle emission factors (in g/km) for each of the 

various GHG (CO2, N2O, CH4 and other aircraft emissions ). Using Global Warming Potentials 

(GWP), the emissions of the three GHGs can be added together to achieve the total CO 2 

equivalent GHG emissions (see Textbox). This is then multiplied by the climate change costs 

per tonne CO2 equivalent in order to reach the total cl imate change costs per mode. 

To reach the average climate change costs we divide the total climate change costs by the 

amount of pkms or tkms driven by the vehicle type.  
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Comparing CO2 and non -CO2 emissions 

As mentioned earlier ,  climate change is not just triggered by CO2 emissions. There are numerous other gases 

that result in climate change, although we limit ourselves to CO 2, N2O, CH4 and aviation emissions in this study. 

Aviation emissions, such as water vapour, sulphate and soot, can be particularly damaging when emitted at 

high altitudes although they may have contradicting effects. In part, these emissions result in heating effects 

(soot emissions from aircraft engines, night -time contrail  formation, atmospheric chemical reactions on the 

basis of NOX that increases ozone concentrations) and in part they result in cooling (sulphur aerosols, day -time 

contrail formation, atmospheric chemical reactions on the basis of NOx that convert methane).   

 

As these different emission gases differ in their lifetime and their potency it can be complicated to compare 

CO2 emissions to non-CO2 emissions. To allow for such comparisons, the concept of the Global Warming 

Potential  (GWP) is used. The GWP is a relative measure, which compares the amount of heat trapped by a 

certain mass of gas to the amount of heat trapped by a similar mass of CO 2 over a certain period of time 

(e.g.  100 years). The GWP of CO2 is standardised to 1. In  the IPCCõs latest Assessment Report (IPCC, 2013) the 

GWP over a 100-year time period of CH 4 and N20 are 34 and 298 respectively. This implies that the same 

amount of CH4 is 34 times more potent than the same amount of CO 2, when looking at a period of 100 years.  

These factors will be used to compare CO 2 emissions with N2O and CH4 emissions for road, rail, inland 

waterways and maritime transport  in this Handbook. 

 

To account for the emissions from aviation, GWPs are used as Emission Weighting F actors  (Foster, et al., 

2007). Studies shown that th e EWF for aviation l ies in the range of 1.3 -1.4 (Lee, et al., 2009)  (Azar & 

Johansson, 2012). This implies that the total climate change impact from aviation is 1.3 -1.4 times larger than 

the impact from its CO 2 emissions alone. It is important to note that these estimates do not include the impacts 

of aviation induced cloudiness. If aviation induced cirrus is included, the uncertainty regarding EWF increases 

substantially, with values ranging from 1.3 to 2.9 (with ôbest estimatesõ of 1.7-2.0) (Lee, et al., 2009)  (Azar & 

Johansson, 2012).  

 

An alternative m ethodology to determine the climate change impact from aviation uses the Radiative Forcing 

Index . This index represents the ratio between the total radiative forcing from aviation at some given time to 

the radiative forcing from aviation emissions of CO 2 at the same time  (Forster, et al., 2006) . Studies have 

suggested that the RFI lies between 2 and 4, indicating that the total climate impact of aviation at a certain 

point is 2 -4 times larger than the impact of its CO 2 emissions alone (IPCC, 1999; Sausen, et al., 2005). 

However, one of the major weaknesses of the RFI is that i t  does not take into account the variation in the 

lifetime of different emissions. This variation is substant ial, lifetimes range from just a few hours (contrails) to 

10 years (aircraft induced methane reduction and its associated effects on ozone) and even up to 200 years 

(CO2). Not  taking into account these differences in lifetime, and simply multiplying the cu rrent amount of 

CO2 emissions from aviation by a factor 2 -4, would overestimate the long -term climate impact of aviation.  

 

In this Handbook we use emission weighting factors  to value t he climate change impacts of aviation, as this  

methodology accounts for the differing lifetime of emissions , whereas the radiative forcing index  does not. 

Although we acknowledge that the uncertainties for the emission weighting  factors are somewhat larger when 

aviation -induced cirrus is included, we believe this is an im portant effect to take into account. Therefore, we 

will use a factor of 2 in this study to estimate the non -CO2 climate impacts of high altitude emissions from 

aviation . This implies that the total CO 2 emissions from an aircraft are multiplied by a factor 2 to reach the 

total CO2 equivalent emissions. This is the same value that was used in previous editions of the Handbook 

(Infras, CE Delft, ISI & University of Gdansk, 2008; Ricardo-AEA, TRT, DIW Econ & CAU, 2014) and in (HEATCO, 

2006).  

 

 



 

  

 

65 4.K83 - Handbook on the external costs of transport  ð January 2019 

5.3.2  Input values  

Three types of input values are needed in order to follow the methodology outlined above.  

GHG emissions per vehicle type  

In case the GHG emissions per vehicle type are not yet given , we need to first multiply the 

vehicle emission factors , in grams of CO2, CH4 and N2O per kilometre driven,  with the 

amount of vehicle kilometres driven by that vehicle type in each country. The sources for 

the emission factors of different modes of transport that are used in this study are shown in 

Table 13. The emission factors are real world emission factors from fleet averages. They are 

not based on vehicle type approval tests. The tr ansport performance data and emission 

factors per country that was used is based on the sources from Table 13.  

GWP of GHG emissions 

To allow for comparisons between the different GHGs, the GHGs need to be made 

comparable to each other. The way to compare CO2-emissions with  non-CO2 emissions is to 

use the concept of GWP (see Textbox in Section 5.3.1). GWP of CO2 is standardised to 1. 

In the IPCCõs latest Assessment Report (IPCC, 2013; Table 8.A.1, page 731) the GWP over a 

100-year time period of CH 4 and N20 are 30 and 265 respectively. In our calculations we will 

use these GWPõs to be able to add the amounts of the different gases together, in order to 

present the results in terms of CO 2 equivalents.  Currently European Union Legislation for 

Monitoring and Reporting Greenhouse Gas Emissions17 uses GWPs from the 2006 IPCC 

Guidelines for National Greenhouse Gas Invenstories. For the purposes of this handbook, it 

was, however decided to use the more recent 2013 IPCC estimates cited above. This can 

make a difference to the impacts cau sed by non-CO2 greenhouse gases. 

Climate change costs per tonne of CO 2 equivalent  

There are two major ways that the climate change costs can be monetised: either usi ng a 

damage cost approach or an avoidance cost approach. Both methods are discussed in more 

detail in Annex D.3. Like in the previous versions of  this Handbook, we use the avoidance 

cost approach. Damage costs have serious limitations because potentially catastrophic 

effects, such as the melting of the polar ice caps in Greenland or West Antarctica  or 

changes in climate subsystems such as El Niño Southern Oscillation cannot be well 

incorporated. The GHG emission reductions agreed in the Paris Agreement are based on 

preventing temperature rises above 1.5-2 degrees Celsius. Exceeding this level is con sidered 

to be too risky for future generations . Therefore, it makes sense to formulate climate 

change costs as avoidance costs, based on the target agreed in the Paris Agreement. 

Limiting temperature rise to 1.5 -2 degrees Celsius roughly equates to no more than 450 ppm 

(parts per million) CO 2 in the atmosphere. A wide range of literature on avoidance costs is 

available. The avoidance costs used in this Handbook are based on an analysis of recent 

literature  which revealed that the central value for the short -and-medium-run costs (up to 

2030) is û 100/tCO2 equivalent (û2016). The central value for the long run costs (up to 2060) 

is û 269/tCO2 equivalent (û2016). Table 24 shows a low and high estimate for thes e time 

________________________________ 
17  COMMISSION IMPLEMENTING REGULATION (EU) No 749/2014 of 30 June 2014 on structure, format, submission 

processes and review of information reported by Member States pursuant to Regulation (EU) No 525/2013 of the 

European Parliament and of the Council, Recital (2) https://eur -lex.europa.eu/legal -content/EN/TXT/PDF/?uri=  

CELEX:32014R0749&from=EN  

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014R0749&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014R0749&from=EN
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periods, although we use the central estimates for the short -and-medium-run in this 

Handbook. These values were derived by calculating the average of the low, central and 

high estimates for the relevant time periods  of the values from the literature , but excluding 

the lowest and highest values to eliminate outliers. For a full literature review of avoidance 

costs and our analysis we refer to Annex D. 

 

Table 24 ð Climate  change avoidance costs in û/tCO2 equivalent  (û2016) 

 Low Central  High 

Short-and-medium-run (up to 2030)  60 100 189 

Long run (from 2040 to 2060) 156 269 498 

 

5.3.3  Output values  

The following tables show the resulting cost factors (output values) for the climate costs 

per transport mode and vehicle type. The tables include the total costs as well as the 

average costs per vkm and per pkm or tkm.  The calculations have been made based on the 

cost factor of û 100 per t CO2 equivalent, the central value for short and medium run 

estimations (see section above).  

 

Table 25 - Total and average climate change costs for land -based modes for the EU28  

 Total costs EU28  Average costs 

Passenger transport  Billion û û-cent per pkm  û-cent per vkm  

Passenger car  55.56 1.18 1.90 

Passenger car ð petrol  32.02 1.22 1.97 

Passenger car ð diesel 23.54 1.12 1.80 

Motorcycle 1.47 0.89 0.94 

Bus 0.84 0.47 8.83 

Coach 1.61 0.44 8.66 

Total passenger road  59. 49  

Passenger train diesel 0.22 0.34 20.1 

Total passenger transport  59.71   

Freight transport  Billion û û-cent per tkm  û-cent per vkm  

LCV 13.17 3.98 2.75 

LCV ð petrol  0.71 3.76 2.56 

LCV ð diesel 12.45 3.99 2.77 

HGV 9.63 0.53 6.48 

Total freight road  22.79   

Freight train diesel  0.24 0.25 112.4 

Inland Vessel 0.40 0.27 383.1 

Total freight transport  23.43   

Total road, rail, inland 

waterway  

83.14   
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Table 26 ð Total and average clima te costs for aviation for s elected 33 EU airports  

Type of flight  Billion û û-cent /pkm û-cent /pax* 

Short haul (< 1,500 km) 2.14 2.39 1,315 

Medium haul (1,500ð5,000 km) 5.50 1.85 3,341 

Long haul (> 5,000 km) 14.37 2.24 17,629 

Total  22.01  2.14  5,383 

*  Costs per pax are including the complete flight (not only the half -way principle ). 

 

 

Table 27 presents rough estimates for the average and total external climate change costs 

of maritime transpor t. These data are only available for freight. The average cost h as been 

based on the cost for reference cases presented in Section 5.4 and data on the number of 

port calls for the sele cted ports from Eurostat. The total climate change cost has been 

based on the average cost and the number of tkms provided by DG MOVE18. The available 

data does not allow an estimate of costs at the individual port level.  

 

Table 27 ð Rough estimates for total and average external climate change  costs for maritime transport for 34 

selected EU ports  

Transport mode  Total costs  (bn û) Average costs (û-cent/tkm)  

Freight ship 11 0.16 

5.4  Marginal climate change costs for selected cases  

For climate change costs, the marginal costs are the same as the average costs. This is 

because the average and marginal climate emissions per kilometre of a vehicle are equal. 

This implies that an additional kg of CO 2 emitted leads to the same social (externa l) costs as 

the average kilogram CO2 emitted, since the CO 2 is distributed in the whole atmosphere.  

Furthermore, the avoidance costs used in this Handbook are based on the entire economy 

and are not significantly dependent on the emissions of the transpor t sector.  

 

The average climate costs for different modes and within the modes for different vehicle 

types, are calculated by multiplying the emission factors (in gram CO 2 equivalent per unit) 

with the avoidance costs of CO2. These emission factors are deriven from the following 

sources: 

ñ road transport: COPERT database; 

ñ rail transport: TREMOD database; 

ñ inland waterways: EcoTransit World database ; 

ñ aviation: TREMOD database. 

 

The costs for road vehicles are presented for all differentiations provided by COPER T, e.g.  

different fuel types, engines or vehicle sizes, emission classes and regional areas. It needs 

to be emphasised that the Euro standard is not a cost driver for the climate costs . There are 

some differences between the results for the different Euro standards though, that are the 

result of the COPERT emission data. These differences are related to the improved energy 

efficiency over time and impacts of emission reduction  technology on fuel efficiency.  

 

The size classes for trucks from COPERT do not match with those for the Eurostat transport 

performance data used for this Handbook. The load factors for trucks have therefore been 

based on an interpolation of the Eurostat data.  

________________________________ 
18   See footnote 16. 
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Annex J contains the marginal climate cost data for road vehicles for referen ce cases that 

are defined in terms of the combination of fuel type and fuel efficiency of the vehicle 

(which are the main cost drivers for climate cost).  

 

Table 28 on marginal climate change costs for road transport shows the costs per pkm or 

tkm (except for LCV, where costs per vkm are presented due to the fact that LCV have 

characteristics of  freight and passenger transport).  The costs per vkm for th e different 

vehicle categories of road transport are available in the background Excel file.  

 

Table 28 - Marginal  climate change costs road transport  for selected cases  

Vehicle 

category  

Fuel 

type  

Size Emission 

class 

Motorway  Urban road Other road  

Passenger transport (û-cent per p km) 

Passenger 

Cars 

Petrol  

 

Mini  

< 0.8 l  

 

Euro 4 0.87 0.84 0.72 

Euro 5 0.87 0.84 0.72 

Euro 6 0.87 0.84 0.72 

Small 

0.8ð1.4 l  

 

 

Euro 0 1.25 1.53 1.06 

Euro 1 0.94 1.06 0.83 

Euro 2 0.90 1.05 0.77 

Euro 3 0.91 1.05 0.82 

Euro 4 0.96 1.09 0.85 

Euro 5 0.96 1.09 0.85 

Euro 6 0.96 1.09 0.85 

Medium 

1.4ð2.0 l  

 

Euro 0 1.55 1.80 1.26 

Euro 1 1.07 1.29 0.96 

Euro 2 0.98 1.25 0.93 

Euro 3 1.08 1.26 0.96 

Euro 4 1.11 1.29 1.02 

Euro 5 1.11 1.29 1.02 

Euro 6 1.11 1.29 1.02 

Large-SUV-

Executive 

> 2.0 l  

Euro 0 1.79 2.21 1.50 

Euro 1 1.36 1.66 1.21 

Euro 2 1.34 1.70 1.27 

Euro 3 1.14 1.54 1.11 

Euro 4 1.31 1.89 1.31 

Euro 5 1.31 1.89 1.31 

Euro 6 1.31 1.89 1.31 

Diesel 

 

Mini  

< 0.8 l  

 

Euro 4 0.78 0.69 0.66 

Euro 5 0.78 0.69 0.66 

Euro 6 0.78 0.69 0.66 

Small 

0.8ð1.4 l  

 

 

Euro 0 1.05 1.10 0.87 

Euro 1 1.05 1.10 0.87 

Euro 2 1.05 1.17 0.90 

Euro 3 0.97 1.11 0.88 

Euro 4 0.97 1.11 0.88 

Euro 5 0.97 1.11 0.88 

Euro 6 0.97 1.11 0.88 

Medium 

1.4ð2.0 l  

 

Euro 0 1.22 1.29 1.02 

Euro 1 1.22 1.29 1.02 

Euro 2 1.23 1.33 1.04 
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Vehicle 

category  

Fuel 

type  

Size Emission 

class 

Motorway  Urban road Other road  

Euro 3 1.18 1.31 1.03 

Euro 4 1.18 1.31 1.03 

Euro 5 1.18 1.31 1.03 

Euro 6 1.18 1.31 1.03 

Large-SUV-

Executive 

> 2.0 l  

Euro 0 1.40 1.49 1.18 

Euro 1 1.40 1.49 1.18 

Euro 2 1.40 1.49 1.18 

Euro 3 1.39 1.50 1.18 

Euro 4 1.39 1.50 1.18 

Euro 5 1.39 1.50 1.18 

Euro 6 1.39 1.50 1.18 

Petrol 

Hybrid 

(PHEV) 

Mini Euro 4 0.57 0.44 0.44 

Small Euro 4 0.57 0.44 0.44 

Large-SUV-

Executive 

Euro 4 

0.57 0.44 0.44 

LPG 

Bifuel 

Small  Euro 1 n.a.  n.a.  n.a.  

Euro 2 n.a.  n.a.  n.a.  

Euro 3 n.a.  n.a.  n.a.  

Euro 4 0.93 1.03 0.81 

Euro 5 0.89 0.98 0.77 

Euro 6 0.85 0.93 0.73 

CNG 

Biofuel  

Small  Euro 4 0.81 0.89 0.69 

Euro 5 0.78 0.85 0.67 

Euro 6 0.74 0.81 0.63 

Electric  

(BEV) 

n.a.  n.a.  

0.00 0.00 0.00 

Moped Petrol  2-stroke 

< 50 cm³ 

Euro 0 0.78 0.78 0.78 

Euro 1 0.59 0.59 0.59 

Euro 2 0.59 0.59 0.59 

Euro 3 0.59 0.59 0.59 

4-stroke 

< 50 cm³ 

Euro 0 0.78 0.78 0.78 

Euro 1 0.59 0.59 0.59 

Euro 2 0.59 0.59 0.59 

Euro 3 0.59 0.59 0.59 

Motorcycle Petrol  2-stroke 

> 50 cm³ 

Euro 0 1.18 0.90 0.84 

Euro 1 1.08 0.82 0.77 

Euro 2 1.06 0.80 0.75 

Euro 3 1.06 0.80 0.75 

4-stroke 

< 250 cm³ 

Euro 0 1.25 0.86 0.94 

Euro 1 1.02 0.71 0.77 

Euro 2 0.77 0.63 0.61 

Euro 3 0.76 0.61 0.60 

4-stroke 

250-750 

cm³ 

Euro 0 1.35 1.23 1.07 

Euro 1 1.34 1.12 1.01 

Euro 2 1.23 1.02 0.92 

Euro 3 1.21 1.00 0.90 

4-stroke 

> 750 cm³ 

Euro 0 1.56 1.42 1.23 

Euro 1 1.36 1.38 1.12 

Euro 2 1.41 1.32 1.10 
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Vehicle 

category  

Fuel 

type  

Size Emission 

class 

Motorway  Urban road Other road  

Euro 3 1.39 1.32 1.09 

Electric  n.a.  n.a.  0.00 0.00 0.00 

Urban buses  

 

Diesel Midi <=15 t Euro 0 0.46 0.79 0.48 

Euro I 0.38 0.62 0.39 

Euro II 0.37 0.59 0.38 

Euro III 0.39 0.63 0.40 

Euro IV 0.39 0.57 0.40 

Euro V 0.37 0.56 0.36 

Euro VI 0.37 0.57 0.37 

Diesel Standard 

15-18 t 

Euro 0 0.42 0.80 0.46 

Euro I 0.37 0.67 0.40 

Euro II 0.37 0.64 0.40 

Euro III 0.39 0.67 0.42 

Euro IV 0.39 0.61 0.42 

Euro V 0.36 0.60 0.38 

Euro VI 0.37 0.61 0.38 

Diesel Articulated 

>18 t 

Euro 0 0.43 0.82 0.48 

Euro I 0.39 0.70 0.43 

Euro II 0.39 0.67 0.43 

Euro III 0.40 0.70 0.44 

Euro IV 0.41 0.65 0.45 

Euro V 0.37 0.64 0.41 

Euro VI 0.38 0.65 0.41 

CNG CNG buses Euro I 0.99 0.99 0.99 

Euro II 0.89 0.89 0.89 

Euro III 0.74 0.74 0.74 

EEV 0.39 0.67 0.42 

Biodiesel Biodiesel 

buses 

Euro 0 0.37 0.70 0.40 

Euro I 0.33 0.58 0.35 

Euro II 0.33 0.56 0.35 

Euro III 0.34 0.58 0.36 

Euro IV 0.34 0.54 0.36 

Euro V 0.31 0.52 0.33 

Euro VI 0.32 0.54 0.33 

Electric  Small n.a.  0.00 0.00 0.00 

Medium n.a.  0.00 0.00 0.00 

Large n.a.  0.00 0.00 0.00 

Coaches Diesel Standard 

<=18 t 

Euro 0 0.41 0.90 0.46 

Euro I 0.37 0.81 0.42 

Euro II 0.37 0.80 0.43 

Euro III 0.40 0.88 0.46 

Euro IV 0.40 0.81 0.45 

Euro V 0.40 0.80 0.44 

Euro VI 0.40 0.82 0.46 

Diesel Articulated 

> 18 t 

Euro 0 0.33 0.73 0.37 

Euro I 0.29 0.63 0.33 

Euro II 0.29 0.62 0.33 

Euro III 0.28 0.66 0.33 

Euro IV 0.28 0.61 0.32 
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Vehicle 

category  

Fuel 

type  

Size Emission 

class 

Motorway  Urban road Other road  

Euro V 0.30 0.61 0.34 

Euro VI 0.30 0.62 0.35 

Light commercial vehicles (û-cent per vkm)  

Light 

Commercial 

Vehicles 

Petrol   Euro 0 2.38 3.52 2.15 

Euro 1 2.38 3.52 2.15 

Euro 2 2.37 3.47 2.12 

Euro 3 2.34 3.40 2.07 

Euro 4 2.34 3.38 2.06 

Euro 5 1.47 1.89 1.36 

Euro 6 1.47 1.89 1.36 

Diesel  Euro 0 2.82 2.57 1.89 

Euro 1 2.82 2.57 1.89 

Euro 2 2.82 2.57 1.89 

Euro 3 2.82 2.58 1.88 

Euro 4 2.82 2.58 1.88 

Euro 5 2.31 2.40 2.03 

Euro 6 2.31 2.40 2.03 

Electric   n.a.  0.00 0.00 0.00 

Freight transport (û-cent per tkm)  

HGV  

 

Diesel Rigid  

<=7,5 t  

 

Euro 0 4.52 5.48 4.36 

Euro I 4.18 4.45 3.63 

Euro II 4.05 4.17 3.51 

Euro III 4.26 4.46 3.67 

Euro IV 4.33 4.19 3.67 

Euro V 4.30 4.03 3.56 

Euro VI 4.29 4.12 3.59 

Rigid  

7,5-12 t 

 

Euro 0 2.32 3.22 2.33 

Euro I 2.10 2.67 2.05 

Euro II 2.06 2.53 1.99 

Euro III 2.13 2.68 2.08 

Euro IV 2.13 2.53 2.06 

Euro V 2.22 2.54 1.96 

Euro VI 2.23 2.59 1.98 

Rigid  

12-14 t 

 

Euro 0 1.33 1.90 1.34 

Euro I 1.19 1.60 1.18 

Euro II 1.16 1.52 1.14 

Euro III 1.19 1.61 1.19 

Euro IV 1.19 1.50 1.17 

Euro V 1.10 1.47 1.15 

Euro VI 1.11 1.50 1.16 

Rigid  

14-20 t 

 

Euro 0 1.50 2.40 1.58 

Euro I 1.27 1.92 1.31 

Euro II 1.24 1.82 1.28 

Euro III 1.27 1.93 1.32 

Euro IV 1.25 1.76 1.29 

Euro V 1.18 1.77 1.26 

Euro VI 1.19 1.77 1.27 

Rigid  

20-26 t 

Euro 0 0.83 1.40 0.90 

Euro I 0.73 1.18 0.78 
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Vehicle 

category  

Fuel 

type  

Size Emission 

class 

Motorway  Urban road Other road  

 Euro II 0.71 1.13 0.76 

Euro III 0.72 1.18 0.78 

Euro IV 0.71 1.10 0.76 

Euro V 0.69 1.10 0.75 

Euro VI 0.69 1.11 0.75 

Rigid  

26-28 t 

 

Euro 0 0.62 1.05 0.68 

Euro I 0.54 0.89 0.59 

Euro II 0.53 0.85 0.58 

Euro III 0.54 0.89 0.59 

Euro IV 0.54 0.84 0.58 

Euro V 0.53 0.82 0.57 

Euro VI 0.53 0.84 0.58 

Rigid  

28-32 t 

 

Euro 0 0.57 0.92 0.62 

Euro I 0.51 0.81 0.55 

Euro II 0.52 0.80 0.54 

Euro III 0.51 0.81 0.56 

Euro IV 0.51 0.77 0.55 

Euro V 0.50 0.75 0.54 

Euro VI 0.50 0.77 0.55 

Rigid >32 t 

 

Euro 0 0.49 0.84 0.54 

Euro I 0.44 0.73 0.48 

Euro II 0.43 0.70 0.47 

Euro III 0.44 0.73 0.48 

Euro IV 0.43 0.69 0.47 

Euro V 0.42 0.69 0.46 

Euro VI 0.42 0.69 0.47 

Articulated 

14-20 t 

 

Euro 0 0.80 1.33 0.86 

Euro I 0.69 1.09 0.73 

Euro II 0.67 1.04 0.71 

Euro III 0.69 1.10 0.74 

Euro IV 0.68 1.02 0.72 

Euro V 0.66 1.00 0.71 

Euro VI 0.66 1.02 0.71 

Articulated 

20-28 t 

 

Euro 0 0.79 1.35 0.87 

Euro I 0.71 1.19 0.77 

Euro II 0.68 1.12 0.75 

Euro III 0.70 1.17 0.77 

Euro IV 0.69 1.10 0.76 

Euro V 0.68 1.08 0.74 

Euro VI 0.68 1.09 0.75 

Articulated 

28-34 t 

 

Euro 0 0.49 0.84 0.54 

Euro I 0.44 0.75 0.49 

Euro II 0.44 0.72 0.47 

Euro III 0.43 0.74 0.48 

Euro IV 0.43 0.70 0.48 

Euro V 0.43 0.69 0.47 

Euro VI 0.43 0.69 0.47 

Articulated 

34-40 t 

Euro 0 0.48 0.87 0.54 

Euro I 0.43 0.75 0.48 
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Vehicle 

category  

Fuel 

type  

Size Emission 

class 

Motorway  Urban road Other road  

 Euro II 0.42 0.73 0.47 

Euro III 0.42 0.76 0.48 

Euro IV 0.42 0.71 0.47 

Euro V 0.42 0.71 0.46 

Euro VI 0.42 0.72 0.47 

Articulated 

40-50 t 

 

Euro 0 0.45 0.82 0.51 

Euro I 0.40 0.71 0.45 

Euro II 0.41 0.71 0.45 

Euro III 0.40 0.72 0.46 

Euro IV 0.40 0.68 0.45 

Euro V 0.40 0.68 0.45 

Euro VI 0.40 0.69 0.45 

Articulated 

50-60 t 

 

Euro 0 0.47 0.86 0.54 

Euro I 0.43 0.77 0.47 

Euro II 0.42 0.74 0.47 

Euro III 0.43 0.77 0.47 

Euro IV 0.42 0.73 0.47 

Euro V 0.42 0.72 0.47 

Euro VI 0.43 0.73 0.47 

LNG Articulated 

32+ n.a.  0.21 0.36 0.23 

 

Table 29 ð Marginal climate change costs rail transport for selected cases  

Train type  Traction  û-cent/pkm or  

û-cent/tkm  

û-cent/train -km 

Passenger transport  

Intercity train  Diesel 0.201 17.5 

Regional train Diesel 0.735 22.8 

Freight transport  

Long container Diesel 0.158 118.2 

Long bulk Diesel 0.087 122.5 

Short container  Diesel 0.074 103.2 

Short bulk  Diesel 0.066 105.9 

 

 

Climate change costs for electric trains are zero. Emissions occur only during electricity 

generation, which is covered in C hapter 8 including the cost of well -to-tank emissions. 

 

Table 30 ð Marginal climate change costs IWT for selected cases  

Vessel type  Type of cargo  û-cent/tkm  û-cent/vkm  

CEMT II (350 t)  

 

Bulk 0.34 107 

Container 0.21 107 

CEMT IV (600 t)  Bulk 0.20 159 

CEMT Va (1,500 t)  

 

Bulk 0.18 290 

Container 0.21 290 

Pushed convoy (11,000 t)  Bulk 0.15 777 

Container 0.11 777 
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Table 31 ð Marginal climate change costs maritime transport for selected cases  

Vessel type  Distance at sea 

(km)  

û per port call   û-cent per  

pkm or tkm  

û per  

vessel-km 

Passenger transport  

RoPax Ferry (25,500 gt) 100 5,800 10.98 58.0 

500 14,598 5.53 29.2 

Freight transport  

Small container vessel (28,500 gt) 500 40,876 0.34 81.8 

3,000 134,753 0.19 44.9 

Large container vessel (143,000 gt) 500 61,795 0.11 123.6 

3,000 291,770 0.08 97.3 

15,000 1,395,651 0.08 93.0 

Small bulk vessel (18,000 gt) 500 11,939 0.16 23.9 

3,000 51,631 0.11 17.2 

Large bulk vessel (105,000 gt) 500 29,092 0.06 58.2 

3,000 119,549 0.04 39.8 

15,000 553,747 0.04 36.9 

 

Table 32 ð Marginal climate change costs aviation for selected cases  

Type of flight  Distance 

(km) 

Emission 

class 

Example of aircraft type   û-cent per pkm   û per pax 

Short haul 500 Low  Bombardier CRJ900 2.84 14 

500 High Embraer 190  3.44 17 

Medium haul  1,500 Low  Airbus 320 1.53 23 

1,500 High Boeing 737 2.18 33 

3,000 Low  Airbus 320 1.43 43 

3,000 High Boeing 737 2.04 61 

Long haul  5,000 Low  Airbus 340 1.17 58 

5,000 High Boeing 777 1.32 66 

15,000 Low  Airbus 340 1.56 234 

15,000 High Boeing 777 1.77 265 

 

The marginal costs of aviation for selected cases and aircrafts cannot be directly compared 

with the average costs: The marginal costs refer to very specific aircraft types, distances 

and loading factors that do not match the average. E.g. for short haul flights, the average 

number of passenger per flight is substantially higher than for the selected cases (since 

many short haul flights are done by larger aircr aft). Additionally, the average distances are 

different than the one use in the selected cases.  

5.5  Robustness of results  

We have calculated the climate change costs according to the most recent and high quality 

evidence and methods. Nonetheless, there are a f ew aspects that merit a point of 

discussion regarding the robustness of the results presented in this chapter.  

 

Firstly, we have used avoidance costs, rather than damage costs, to moneti se the costs of 

climate change. Our literature review confirmed that,  the use of avoidance costs is a 

superior method to the use of damage costs (see full discussion in  Section D.3). 
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However, uncertainties will always remain. We have attempted to take away some of that 

uncertainty by providing high and low case climate change costs, which can be used as a 

sensitivity analysis.  

 

Furthermore, there can be political reasons, related to distributional or competitiveness 

aspects, which lead to political decisions to apply different mitigation costs in different 

sectors 
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6 Noise costs 

6.1  Introduction  

Traffic noise is generally experienced as a disutility  and is accompanied by significant costs. 

Noise emissions from traffic pose a growing environmental problem due to the combination 

of a trend towards great er urbanisation and an increase in traffic volumes. Whilst the 

increase in traffic volume results in higher noise levels, the increase in urbanisation results 

in a higher number of people experiencing disutility due to noise. As a result, the costs of 

traf fic noise are expected to grow in the future  despite potential noise -reducing 

improvements in vehicles, tyres and roads .  

 

In this chapter we provide an overview of the recommended approaches to value noise 

costs, as well as an overview of reco mmended noise cost figures. In Section 6.2 we first 

briefly discu ss the definition and scope of noise costs. The total and average noise costs are 

explored in Section 6.3, and the marginal noise costs are the topic of S ection 0. Finally,  the 

robustness of the noise cost figures presented in this chapter is analysed in Section 6.5. 

More detailed information on noise costs can be found in Annex E.  

6.2  Definition and scope  

In general, noise can be defined as unwanted sounds of varyi ng duration, intensity or 

other  quality that causes physical or psychological harm to humans (CE Delft, INFRAS & 

Fraunhofer ISI, 2011). In this study, we will consider noise costs for the following transport 

modes: road, rail and aviation. Noise costs for inla nd waterway transport and maritime 

transport are considered negligible or non -existent as they usually take place in sparsely 

populated areas and the noise emission factors for those transport modes are relatively low  

and so are not covered in this chapter .  

 

Unit  

The basic measurement index for noise is the decibel (dB). It is indexed logarithmically, reflecting the 

logarithmic manner in which the human ear responds to sound pressure. Within the human range of hearing, 

deep and very high tones at the same sound intensity are experienced as less noisy. To correct for this 

sensitivity , a frequency weighting is applied to measurements and calculations. The most common frequency 

weighting is the ôA weightingõ, dB(A).  

 

The logarithmic nature of noise is also re flected in the relationship between noise and traffic volume. Halving or 

doubling the amount of traffic results in a change of 3 dB, irrespective of the current flow. Thus an increase in 

traffic volume from 50 to 100 vehicles results in the same increase i n noise level as doubling transport volume 

from 500 to 1,000 vehicles.  

 

An important aspect is the time of day at which the noise takes place. In this study we employ the measure L day, 

evening, night  (Lden), the current legal measure for traffic noise. Lden is a weighted average of the total noise during 

day, evening and night times. One fundamental feature of L den is that it assumes that evening - and night-time 

noise is more of a nuisance than day-time noise 19. 

 

The thresholds above which noise is considered a nuisance are somewhat arbitrary, p revious 

literature  has employed thresholds of 50, 55 and 60 dB(A). It is important to note that the 

________________________________ 
19  Evening noise is given a penalty of 5 dB(A). Night-time noise is given a 10 dB(A) penalty.  
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choice of  a threshold has a substantial impact o n marginal noise costs. In this study we 

propose to use the threshol d of 50 dB(A). This threshold was chosen as it is one that is least 

likely to  result in an underestimation of the noise costs. However, t he EEA Noise Maps which 

are used as input data in this study only start from 55 dB(A) , therefore we only have the 

number of people exposed to noise above 55 dB(A). Ideally, the number of people exposed 

to noise levels between 50 and 55 dB(A) would also be included, however , due to data 

limitations of the EEA noise maps, this was not feasible in this edition of the Han dbook.  

 

Numerous studies have proposed the concept of a rail bonus, the notion that noise as a 

result of rail transport is experienced as less of a nuisance than road noise. It gives rail 

transport a 5 dB ôdiscountõ in comparison to road noise and was widely used in noise 

directives. In contrast to previous editions of the Handbook we don õt inc orporate  the rail 

bonus in this edition of the Handbook. This is based on an extensive literature review, 

which suggests that recent literature cannot support the up holding of the rail bonus  

(see Annex E.4).  

Effects of noise  

The exposure to noise results in a number of health endpoints due to prolonged and 

frequent exposure to transport noise. These health endpoints can take a multitude of 

forms. Health endpoints for  which significant evidence is available are  ((WHO, 2011; (WHO, 

2017-2018); (Defra, 2014)):  

ñ ischaemic heart disease; 

ñ stroke ; 

ñ dementia ; 

ñ hypertension; 

ñ annoyance. 

 

Grouping annoyance under the health endpoints of noise exposure is consistent with the 

WHO definition of health as òa state of complete physical, mental and social well -being and 

not merely the absence of disease or infirmity ó (WHO, 1946). Annoyance represents the 

disturbance individuals experience when they are exposed to traffic noise. It can hinder 

people in performing certain activities, which may lead to a variety of negative responses, 

including irritation, disappointment, anxiety , exhaustion and sleep disturbance (WHO, 

2011). However, annoyance is measured in a different way t o the other ômore classicalõ 

health impacts, and therefore we have made the somewhat arbitrary distinction to look at 

annoyance separately from the other health impacts. This was decided because the 

valuation of annoyance applied is very different from the valuation of the other health 

endpoints.  

 

The cost components are closely linked. For instance, sleep disturbance is cla ssified as a 

health endpoint  according to (Defra, 2014), although there is likely to be significant overlap 

with annoyance. These two impacts are difficult to separate. In WTP studies looking at 

noise it is complicated to separate individualõs valuation for annoyance from sleep 

disturbance. If one is asked about their annoyance they are inclined to also take into 

account the ef fects of sleep disturbance. Therefore, there is an implicit risk of double 

counting the valuation if both sleep disturbance and annoyance impacts are explicitly taken 

into account. To avoid double counting we employ the conservative assumption that we 

include both the annoyance and health costs of noise, but exclude sleep disturbance from 

the health endpoints. It is possible that this leads to a small underestimate of the true costs 

of noise.  
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For health endpoints  not mentioned in the list above , e.g.  breast cancer and depression, 

only fragmented evidence is available . Therefore, t hese costs are not included in the noise 

costs estimated in this study. For the same reason, productivity losses (e.g. due to loss of 

concentration) and environmental impacts of tr affic noise (e.g. harmful effects on wildlife) 

are not covered. Finally, direct material damages as a result of vibrations are not included 

in the costs of noise in this study, as the vibrations are not necessarily an effect of noise, 

but rather an externa l effect on its own . For a more detailed discussion on the effects of 

noise we refer to  Annex E. 

6.3  Total and average noise costs  

6.3.1  Methodology  

Total and average noise costs are calculated using a bottom -up approach. Figure 6 

illustrates the corresponding metho dology.  

 

There are two types of input value : the number of people exposed to noise for each 

transport mode, and the noise costs per person exposed. The noise classes that people are 

exposed to are classified in bins , e.g.  of 5 dB(A). For each noise class and transport mode, 

the total number of people exposed has to be calculated . The other input value, the noise 

costs per person exposed, consists of two values, an annoyance value and a health value. 

The annoyance value is calculated using a WTP approach, where respondents are asked how 

much they are willing to pay  for changes in the noise level . The health value is based on a n 

environmental burden of disease method and are taken from (Defra, 2014). Summing the 

health value and the annoyance value results in the total noise costs per person exposed. 

These costs per person are multiplied with the number of people exposed to the 

corresponding noise level. Summing these costs together gives the total  external noise costs 

for a transport mode  (road, rail or aviation) . The total costs are allocated to specific 

vehicle categories (e.g. passenger cars, motorcycles, busses) based on weighting factors 

based on (CE Delft, INFRAS & Fraunhofer ISI, 2011; CE Delft & VU, 2014; VROM, 2006) in 

order to estimate the total costs per vehicle category. Finally, average noise costs are 

estimated by dividing the total costs by total transport performance (e.g. pkm, tkm, etc. ).  
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Figure  6 ð Methodology total and average noise costs  

 

6.3.2  Input values  

Three types of input values are needed in order to follow the methodology described above.  

People exposed  

In order to calculate total and average noise costs for a country, the number of people 

exposed to a certain noise level ( in bins of 5 dB(A)) originating from a certain transport 

mode is needed. This data is preferably based on national dat a (empirical dat a or specific 

national model calculations) . A second-best option (applied in this study to estimate total 

and average noise costs for European countries) is to make use of EU-wide data that is 

available from the noise maps from the EEA. Directive 2002/49/E C (EC, 2002) requires 

Member States to provide  data on the number of people exposed to road, rail or aviatio n 

noise in their countries to the European Commission.  This data is highly useful, although 

there are also data gaps. For instance, not all data has been reported and not all cities and 

urban regions are included in the scope of the noise directive. Therefore, we have carried 

out corrections in order to make the data more complete. For details on the corrections, 

we refer to Annex E. 

Environmental prices  

The environmental price of noise reflects the welfare loss that occurs with one extra 

decibel of noise (CE Delft, 2018). The environmental price of noise needs to be determined 

implicitly, as there is no market for noise prevention. Previous editions of the Handbook 

have recommended using environmental prices based on HEATCO (2006), both for 

annoyance and health endpoints. HEATCO assumes a constant valuation per dB of noise 

for  annoyance costs, whi ch has recently been disputed . This Handbook therefore uses 

increasing prices per dB based on the most recent insights provided by (Bristow, et al., 

2015) for annoyance costs. As for health costs, the prices according to (Defra, 2014) match 

the WHOõs recommendations in their latest systematic reviews, and are therefore used in 

this Handbook. For a more detailed discussion on the evidence for the  environmental prices 

of noise we refer to Annex E.  

 






























































































































































































































































































































































































































