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Executive Summary

Within the UNITE project, three main areas of research are distinguished, known as “transport accounts”, “marginal costs” and “integration of approaches”. This report belongs to the research area “marginal costs”. In this area, a number of case studies is carried out in order to derive concrete marginal cost rates for the different cost categories and the different transport modes distinguished within UNITE. 

This case study deals with the estimation of marginal external accident costs. The study starts from the methodological approach of UNITE as described in Lindberg (2000). The focus is on road transport, the by far most relevant transport mode in the context of accident costs as the accounts developed within UNITE show (for Switzerland see Suter et al. 2001). Rail transport is considered in a much lesser level of detail. The two modes aviation and inland navigation are of minor relevance for a Swiss case study and are not investigated in this paper. 

Starting point of the analysis in this case study are specific accident risk rates for different vehicle categories and road types derived for Switzerland. In contrast to the standard definition (“risk of a transport user of a certain vehicle category to get involved in an accident”), the approach chosen here starts from the causation principle ("risk of a transport user of a certain vehicle category to be responsible for an accident"): In our view, it is this perspective that is relevant when inputs for pricing purposes are provided - which is the ultimate objective of the UNITE marginal cost case studies. The results for road and rail transport look as follows: 

As expected, the risk rates are lowest for motorways with separated lanes (0.077 victims per million vkm for heavy goods vehicles to 0.51 for coaches) und highest on roads inside settlement areas (1.07 for light goods vehicles to 23.28 for coaches).

The basis for the calculation of the external accident costs are the figures derived within the work on the Swiss Transport Accounts (see Suter et al. 2001). Thus, the case study does not follow a bottom-up cost calculation per accident but rather starts from average external costs per traffic accident derived from total external accident costs in Switzerland. For the UNITE base year 1998, the total external accident costs of road and rail transport together amount to 

· € 956 million if it is assumed that the accident risk is fully internalised by the users of the transport system and is therefore not part of the external accident costs

· € 2.3 billion if - what we propose - it is assumed that the accident risk of the responsible victim but not the one of the non-responsible victim is internalised - taking into account payments from the responsible victim and its insurances to the non-responsible victim. Thus, we define the external costs as those costs that are not borne by the causer of an accident but by third parties and the society as a whole. 

The basis for the valuation of the accident risk is the value of statistical life of € 1.5 million as defined for all UNITE studies in Nellthorp et al. (2000).

For the calculation of marginal costs not the average accident risk rates are relevant but the accident risk elasticities, i.e. the changes in the average risk rates connected with an increase of transport volume. Information about the risk elasticities are taken from the literature but especially from empirical econometric estimates carried out within this case study for different road types in Switzerland. The analysis results in elasticities given a 10% increase in transport volume. 

The range of the results for the three road types motorways and roads inside/outside settlement areas looks as follows:

· 3.77 to 7.59 with regard to the number of accidents

· 3.63 to 7.84 with regard to the number of accident victims (injuries and fatalities)

Altogether, the results show a clearly less than proportional increase in both number of accidents and number of accident victims with increasing transport volume. The results are in the same order of magnitude as estimates given in the literature. 

Based on these findings for the accident risk rates, the elasticities of these rates and the external cost figures, the marginal external accident costs summarised in table 1 have been estimated.  

Table 1:
Marginal external accident costs of road transport, in € / vehicle kilometre, 1998
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The three result columns show the influence of the assumption taken concerning the part of the accident risk that is internalised by the transport users. As mentioned above we support the view where only the risk value of the causer of an accident is internalised but not the one of the non-responsible victim of a traffic accident. Thus, the relevant results are contained in the shaded column of table 1.

For rail transport, we have estimated only average but not marginal external accident costs. The rates amount to € 0.04 / train-km (risk fully internalised) and to € 0.30 / train-km (risk of non-responsible victims not internalised) respectively. 

In addition to the results given in table 1, a literature research carried out in the frame of this case study shows the well-known fact that the number of accidents does not solely depend on transport volumes, but also on other factors (such as speed, share of heavy goods vehicles, weather conditions, daylight, alcohol, share of passengers with their safety belts on). Of particular significance are both, actually driven speed and speed limits. Related to possible measures for the reduction of the external accident costs, this means that besides influencing of the transport volumes (e.g. with a road pricing approach) also other policy measures (e.g. intensified speed checks, lower speed limits) are very important. It also should be examined in more detail to what extent intensified liability regulations and a more risk-related system of the insurance companies (bonus-malus-system) positively influence the risk behaviour of the road users.

Against this background, the strong focus of the methodological approach chosen in UNITE on the relation between traffic accidents and traffic volumes has its drawbacks when it comes to the question of policy measures: A sensible transport policy strategy in the field of traffic accidents shouldn't concentrate exclusively on the marginal external accident costs as derived in this case study. A much broader approach taking into account the high relevance of the other key factors is more suitable to deal with this important issue in transport policy. Such a broader approach would result in a differentiated strategy consisting of a mix of pricing and of non-pricing measures. 

1 Introduction

1.1 Study Context and Objectives

In order to put this case study report into the context of the UNITE project we start here with a very brief summary of the aims and research areas of UNITE. The UNITE project endeavours to provide accurate information about the costs, benefits and revenues of all transport modes including the underlying economic, financial, environmental and social factors. To achieve this goal, three main areas of research are carried out, known as “transport accounts”, “marginal costs” and “integration of approaches”.

This report belongs to the research area “marginal costs”. In this area, a number of case studies is carried out in order to derive concrete cost rates for the different cost categories (e.g. infrastructure costs, different types of environmental costs) and the different transport modes distinguished within UNITE. The basic theoretical approach to estimate marginal costs in these fields is described in van den Bossche (2000), i.e. in deliverable 3 of the UNITE project. In a number of Interim Reports feeding into van den Bossche (2000), a detailed description is given how marginal costs should be calculated in the UNITE case studies. 

This case study deals with the estimation of external marginal accident costs. The study starts from the methodological approach as described in Lindberg (2000), one of the Interim Reports mentioned in the last paragraph. The focus is on road transport, the by far most relevant transport mode in the context of accident costs as the accounts developed within UNITE show (for Switzerland see Suter et al. 2001). Rail transport is considered in a much lesser level of detail. The two modes aviation and inland navigation are of minor relevance for a Swiss case study and are not investigated in this paper. 

Following the UNITE approach of calculating marginal costs the objective of the study is to derive estimates for the marginal external accidents costs per unit of traffic performance, e.g. vehicle kilometre in the case of road transport. 

1.2 The Structure of this Case Study

The case study for Switzerland is structured as follows:

In chapter 2 we summarise the theoretical and methodological basis of our cost estimation. We renounce repeating the detailed analysis in the UNITE documents mentioned in section 1.1. Chapter 2 concentrates on a summary of the marginal cost methodology for accidents developed in Lindberg (2000) and on specific deviations from this ideal approach. 

· Chapter 3 deals with accident risk rates, i.e. one basic input for the calculation of marginal accident costs. It starts with a short discussion about the risk for a member of a vehicle category to be involved in an accident and the risk of causing an accident as a member of a vehicle category. Subsequently, we focus our interest on the latter type of risk because the marginal cost case study of UNITE should provide information for transport pricing purposes. When it comes to pricing, the causation principle is relevant and therefore the risk rates of causing an accident as a member of a certain vehicle category. We present the risk rates for causing an accident in Swiss road and rail traffic. 

· Chapter 4 covers the cost part of our analysis. It investigates the external costs connected with road and rail accidents in Switzerland, i.e. those costs that are not borne by the user of the transport system that cause the accidents. Both, total external accident costs and external accident costs per vehicle kilometre are calculated. The basis for this calculation are the figures derived within the work on the Swiss Transport Accounts (see Suter et al. 2001). Thus, this case study does not follow a bottom-up cost calculation per accident but rather starts from average external costs per traffic accident derived from total external accident costs in Switzerland.

· Chapter 5 is concerned with the analysis of the risk elasticities, i.e. the question of changes of the accident risk rates connected with changes in transport volume. The analysis contains a presentation of elasticities taken from the literature and is completed with own econometric estimations of certain elasticities. The econometric analysis is restricted to road transport. Risk elasticities for rail transport are estimated in railway accident case study for Sweden, case study 8c of the UNITE project (see Lindberg 2001). 

· In chapter 6 the marginal external accident cost rates are calculated using the findings of the preceding chapters. 

· In chapter 7 we draw our conclusions from the analysis in this case study and refer to further research in this field. 

2 Marginal External Accident Cost - Methodological Issues

2.1 The UNITE Approach

A basic idea of the UNITE approach presented in Lindberg (2000) to calculate marginal cost for accidents is the distinction between victims and injurers. According to Lindberg, the external marginal accident cost MCextern is built as given by equations (1) and (2). Equation (2) describes the marginal cost MC with respect to the traffic volume Q. A denotes the number of accidents and a+b+c the cost components.(
)
(1)


MCextern = MC - PMC,

with

(2)


MC = dA/dQ (a+b+c).

Lindberg argues that only the victims are suffering from the accident. This leads to a different private marginal cost PMC between victims and injurers which affects the external marginal cost MCextern. Verifying this in equation (1), one recognises that these costs will clearly be different for victims and injurers because not all users suffer from the accident. Subsequently, Lindberg shows that the marginal costs for victims and injurers are different.

(3.a)
MCvextern = ((1+Ev)(a+b+c) -  ((a+b) 
=  (Ev(a+b+c) + (c
(3.b)
MCiextern = ((1+Ei)(a+b+c) -  0

= ((1+Ei)(a+b+c)
Equation (4) gives the expected marginal cost which is the sum of the cost as a victim and the cost as an injurer.

(4)

MCextern = ((Ev(a+b+c) + (1-()((1+Ei)(a+b+c)+ ((c
with 

(
=
probability of being a victim

(1-()
=
probability of being an injurer

(
=
(A/Qv); victim’s risk

(
=
(A/Qi); injurer’s risk

Ev
=
d(/dQv Qv/(; risk elasticity for the victim

Ei
=
d(/dQi Qi/(; risk elasticity for the injurer

Lindberg underlines that the available data on traffic accidents does often not allow distinguishing between victims and injurers. Therefore, he defines homogenous traffic as a situation where the user has the same risk to be an injurer as to be a victim, i.e. (=( and (=0.5. This reduces equation (4) to a simple homogenous traffic externality (see also Jansson 1994):

(5)


MCextern = rE(a+b+c) + rc,

where r expresses the risk for all users (r=A/(Qi+Qv)) and E the elasticity for all users (E = dr/dQ Q/r).

Subsequently, Lindberg follows the idea of a socio-economic optimal level of safety. He develops two pure liability systems, strict liability and negligence. In the former case, the injurer will always pay the cost in the form of compensation or a fine (d and M in equation 4.a below). In the other case, under a negligence rule the injurer will not bear any costs as long as he behaves legally. Lindberg explains that under strict liability for the injurer, the victim has incentives to break the law. Under a negligence rule, the victim will break the law only under certain circumstances. Nevertheless, Lindberg mentions that the safety behaviour is influenced by externalities. As long as both the victim and the injurer do not bear all the costs in case of responsibility, their safety behaviour will be suboptimal and therefore cause externalities. 

By introducing the liability system, Lindberg alters the equation (4). The liability system may transfer the responsibility for the cost ex-post from the victim to the injurer. With a negligence rule, the responsibility of the cost is transferred from the victim to the injurer in case the injurer is guilty. In this case, the increased responsibility of the injurer will increase his PMC, while the victim’s PMC will be reduced. The external marginal costs are now given by

(4.a)
Legal injurer:
MCiextern = ((1+Ei)(a+b+c)-0

Criminal injurer:
MCiextern = ((1+Ei)(a+b+c)-((d+M)
(4.b)
Not compensated victim:
MCvextern = ((1+Ev)(a+b+c)

Compensated victim:
MCvextern = ((1+Ev)(a+b+c)+ (d.
Lindberg explains that although the legal injurer has a higher external marginal cost than the criminal injurer, the latter will have a higher generalised cost than the legal injurer because he has to pay a fine and compensation.

2.2 The Approach in this Case Study

For the calculation of the marginal external accident costs in Switzerland we basically rely on the approach summarised in section 2.1. However, certain adjustments are necessary because we start from the causation principle as mentioned in section 1.2 and discussed in more detail in chapter 3 of this paper. Payments of the liability insurances of the causer or perpetrator of an accident are explicitly taken into account in the estimation of the marginal external accident costs. 

Accordingly, the liability system as introduced by Lindberg in the equations (4.a) and (4.b) above is already contained in our calculations of the marginal external accident costs. Against this background, our analysis starts from equation (5) but introduces some slight adjustments: 

As shown in chapters 3 and 5, there is empirical evidence that the risk rates as well as the risk elasticities are different for accidents (with or without injuries) on the one hand and accident victims on the other hand. We take account of these differences and therefore distinguish in our calculation of the marginal external accident costs between the administrative costs for the registration of a traffic accident and the costs connected with a case of an accident victim (medical costs, production losses, material damages, risk costs etc.). 

Our basic equation for the calculation of the marginal external accident cost therefore looks as follows: 

(6)
MCexternal =
rVEV(a’+c’V) + rVc’V  +  
(MCexternal accident victim)



rAEA(c’A) + rAc’A
(MCexternal accident registration)
with

V
=
Number of victims (casualties and fatalities)

A
=
Number of reported accidents

rV
=
Risk rate of causing a victim (injured or killed) (rV=V/Q)

rA
=
Risk rate of causing an accident (rA=A/Q)

EV
=
Risk elasticity of causing a victim (drV/dQ Q/rV = dV/dQ Q/V -1)

EA
=
Risk elasticity of causing an accident (drA/dQ Q/rA = dA/dQ Q/A -1)

a’
=
Value of statistical life VOSL (a), payments of the liability insurance of the accident causer deducted

c’V
=
material costs of a victim (production loss, medical treatment costs, administrative costs) for the society (cV), payments of the liability insurance of the accident causer deducted

c’A
=
material costs of a reported accident for the society (cA), payments of the liability insurance of the accident causer deducted

The discussion above shows that the Lindberg approach is very close to the causation principle applied in our approach once liability is introduced.

Starting from equation (6) we determine in the following chapters 3 to 5 the quantitative figures for the risk rates (rV, rA), the cost rates (a', c,V, c'A) and the elasticities (EV and EA). 

3 Accident Risk Rates

In a common sense, accident risk rates are understood as general accident risk rates,
 i.e. the risk rates to be involved in an accident, independent whether a person causes the accident or is innocently involved (see for example Winslott 1998). 

However, as mentioned in the sections 1.2 and 2.2 above the perspective of our approach is the one of the causer or perpetrator of an accident. Therefore, we are mainly interested in the rates that describe the risk of causing an accident for a member of a certain vehicle category. 

The Accident Rates in Swiss Road Traffic and their Interpretation

3.1.1 Methodological Issues

The analysis of the marginal external accident cost for Switzerland is based on the causation principle. Starting with this principle, two questions have to be answered for each victim of a traffic accident:

(
Who - or rather which vehicle category - has caused the accidents and the victims, respectively? An answer to this question is needed to allocate the accidents and victims to the different vehicle categories. 

(
Is the accident victim responsible or not responsible for the accident? This distinction is important for the cost allocation according to the causation principle (see chapter 6). 

For the allocation of the accidents to the causing vehicle category and for the distinction between responsible and non-responsible victims assumptions have to be taken because the available data does not contain all the relevant information. The allocation bases on the following principles:

(
Single accidents: The responsible category for the accident is of course given by the vehicle involved in the accident. The distribution of the victims into responsible and non-responsible victims can be derived by using the average occupancy rate of vehicles, i.e. by allocating the number of victims of single accidents to the two categories "responsible victim" and "non-responsible victim" according to occupancy rate and under the assumption that it is always the driver who is responsible for the single accident. 

(
Accidents with two or more vehicles involved which are all of the same vehicle category: The responsible category for the accident is immediately determined. Again, the distribution of the victims into responsible and non-responsible victims can be estimated by using the occupancy rate of the vehicles.

(
Accidents with two vehicles of different vehicle categories (e.g. passenger car against heavy goods vehicle). The official accident statistics of the Federal Office of Statistics record the vehicle categories involved and which of the vehicles (i.e. which vehicle category) suffers from a defect or a failure. Based on this information, the accident is assigned to the corresponding vehicle category.
 A second step concerns the investigation from which vehicle the victims come.
 In a third step the victims are split up into the categories responsible / non-responsible:

–
If the victims come from the non-causing vehicle, they are declared as non-responsible victims.

–
If the victims come from the causing vehicle, then the distribution into responsible and non-responsible again follows the occupancy rate of the causing vehicle.

(
Accidents with several objects: There are no detailed information about the involved vehicle categories. Simplified, both the accidents and the victims are distributed to the different vehicle categories according to the number in the two vehicle-case. This procedure is analogously used for the distribution of responsible and non-responsible victims.

Hence, we know for each vehicle category the number of victims of accidents caused by this vehicle category. Furthermore, we know whether the victims are responsible for accidents or not. All this information is summarised in table 3-1.  

However, before consulting table 3-1 in detail, one preliminary remark is necessary: There is a huge gap between the officially recorded accidents and the true number of accidents. This can be seen if we consider the number of injuries: in 1998, the officially recorded number of injured persons in road traffic was 27'562 (all vehicle categories). According to the insurance agencies, the true number of injuries in road traffic exceeds 100’000, which means that the true number of injuries is almost four times as high as the number of recorded injuries.
 How can this difference be explained? An accident is only officially recorded if the police is involved. However, there are several reasons not to call the police after an accident, such as fines and a possible suspension of one's driving licence. If we make a projection on the true number of accidents, based on the number of injuries, we easily get a quarter of a million accidents. 

In order to find out the number of non-recorded accident victims, we carried out a detailed estimation for each vehicle category based on a survey of accidents of the economically active population. For this purpose, a sample of 5’000 cases was analysed at the Collecting Office of Swiss Accident Insurance Agencies and a projection was made for the respective vehicle categories. The results of the following tables are based on these projections and contain all accidents, i.e. underreporting is included.

Based on this procedure, we calculate the following accident risk rates for each single vehicle category:

· Number of caused accidents per million of vehicle kilometres

· Number of caused fatalities and injuries per million of vehicle kilometres

· Number of caused fatalities and injuries distinguished by

· responsible victims of the causing vehicle category

· non-responsible victims of the causing or other vehicle categories.

Below, the definition of the relevant risk rates is given in a formal way. The total risk rate A/Q for causing a victim for a vehicle category C is

A/Qvehicle category  C = rVehicle category C + nVehicle category C
with 

A
number of victims; sum of R and N

Qvehicle cateogry C 
road performance of the accident-causing vehicle category C in kilometres

r = R/Q
with R denoting the number of responsible victims

n = N/Q
with N denoting the number of non-responsible victims

From our description it follows that both the total risk rate A/Q and the distribution on r and n can differ from vehicle category to vehicle category.

Table 3-1:
Accidents, injuries and fatalities by accident-causing vehicle category, 1998
, 
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3.1.2 Results

a)
Number of accidents, injuries and fatalities caused by vehicle kilometres (in mill. vehicle kilometres) for all road types

In order to calculate the risk rates of causing an accident we have to put the accidents (injuries, fatalities) into relation with the performance of a vehicle category C. The basis is the performance of this vehicle category measured in vehicle kilometres. The analysis is restricted to seven vehicle categories: The seven categories are passenger cars, regional buses, town buses, light goods vehicles, heavy goods vehicles, mopeds/motorcycles and bicycles.

It should be remembered that the accident rates contain the number of non-reported victims too.

Table 3-2:
Risk rates of causing an accident with regard to vehicle kilometres 
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Note: Compared to table 3-1, the categories „Pedestrians“ and „Others“ have been left out. For these categories no useful traffic performance unit can be defined .

The accident risk rates in table 3-2 define the relation of the accidents caused (injuries and fatalities, respectively) by a vehicle category C and the road performance of this category C, given the composition of total Swiss traffic. Analysing the true number of injuries and fatalities, respectively, one recognises that the risk rates are very high for mopeds/motor cycles, bicycles and for buses (especially regional buses). This statement is only in part true for the recorded number of accidents. Surprisingly, the highest risk rates are found for regional buses. Clearly, the true risk rates are much higher than the ones based on the officially recorded data. 

In order to make an international comparison (see table 3-5), table 3-3 gives an overview on the injured and killed persons per vehicle category. If we compare tables 3-2 and 3-3, we see that several vehicle categories have a greater risk to cause an injury per kilometre than to be injured. This is true for cars, buses, light goods vehicles and heavy goods vehicles. 

On the other hand, mopeds/motorcycles, cycles and - surprisingly - coaches show a higher risk to be injured than to cause an accident. With the exception of coaches, the same pattern is found concerning fatalities: mopeds/motorcycles and cycles take a higher risk to be killed an accident than to cause a fatality. If we only consider the reported accidents, these patterns are even clearer. Nevertheless, in neither case the values are completely different. The plausible conclusion we can draw is that being a member of certain vehicle categories (mopeds/motorcycles, cycles) the risk of being injured or killed is higher than the corresponding risk of causing an injury or a fatality.

Table 3-3:
Risk rates of being injured or killed with regard to vehicle kilometres (vkm), 1998
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b) 
Accident risk rates for single road types

In order to be able to make statements concerning the accident risk rates for single road types, we assume that the percentage of injured and killed persons per vehicle category for single road types corresponds to the percentages of causing an injury or a fatality per vehicle category.
 Recalling tables 3-2 and 3-3 that show a similar pattern of causing an injury (fatality, respectively) and being injured (killed, respectively), this is a strong hint that this assumption is sensible.

Analysing the results in table 3-4, we see that the risk rates for injuries with respect to vehicle kilometres are highest within settlement areas and lowest on motorways. The risk rates of causing a fatality are highest for outside settlement area roads. An explanation for these findings is that within settlement areas the risk of a severe injury or fatality is smaller due to reduced speed. 

Table 3-4:
Injured and killed persons per vehicle category and single road types, 1998
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For different reasons, a general application of these risk rates for other countries is not re-commended. In particular, it has to be examined carefully whether

· the road types are comparable;

· the victims are classified according to the causation principle too;

· the extent of underreporting is comparable and whether underreporting should be included too.

3.1.3 Comparison with international results

In view of the UNITE objective to generalise the marginal cost case study findings it is important to know whether the pattern of road traffic accidents in Switzerland is similar to the one in other European countries. In order to compare Swiss results with international results, we have to switch to the classic definition of accident risk rates, i.e. the risk rates of being involved in a reported accident with injured/killed victims. 

The data are taken from the IRTAD (International Road Traffic and Accident Database) which reports the statistics from OECD countries. For European countries, the values are given in table 3-5.

Table 3-5:
Injury accidents and killed persons per population and vehicle kilometres (excluding underreporting), 1999

	Country
	Injury accidents per
	Killed per

	
	
	
	
	1 billion vehicle kilometres

	
	100'000

population
	1 million vehicle kilometres
	100'000 population
	All roads
	Outside Urban Areas
	Motorways

	Austria
	523
	0.59
	13.4
	14.9
	14.6
	9.0

	Belgium
	505
	0.58
	13.7
	15.7
	n.a.
	6.9

	Denmark
	143
	0.16
	9.7
	11.1
	11.1
	4.6

	Finland
	135
	0.15
	8.4
	9.4
	11.0
	5.1

	France
	211
	0.22
	14.4
	16.2
	n.a.
	5.3

	Germany
	482
	0.62
	9.5
	12.2
	n.a.
	4.5

	Greece
	231
	0.30
	20.9
	26.7
	n.a.
	n.a.

	Ireland
	209
	0.25
	11.0
	13.1
	10.8
	7.4

	Italy
	355
	n.a.
	11.0
	n.a.
	n.a.
	13.4

	Luxembourg
	247
	n.a.
	13.5
	n.a.
	n.a.
	n.a.

	Netherlands
	268
	0.36
	6.9
	9.3
	9.5
	3.2

	Norway
	188
	0.26
	6.8
	9.5
	n.a.
	n.a.

	Portugal
	505
	n.a.
	21.0
	n.a.
	n.a.
	14.0

	Spain
	248
	n.a.
	14.6
	n.a.
	n.a.
	n.a.

	Sweden
	178
	0.23
	6.6
	8.3
	n.a.
	2.5

	UK
	407
	0.53
	6.0
	8.1
	8.4
	2.5

	Switzerland
	328
	0.43
	8.2
	10.8
	10.2
	3.4


Note: Some of the values are taken from previous years, such as the values for Italy, Portugal, Spain and Switzerland. The sources are the OECD (International Road Traffic and Accident Database - IRTAD) and the Swiss Federal Office of Statistics.
Looking at the results, we find that the Nordic countries show low injury accident, both in terms of population (below 200 per 100'000) and vehicle kilometres (below 0.30). Switzerland lies between the Nordic countries and Middle-European countries such as Germany, Austria and Belgium. If we consider the number of killed persons in road traffic, we see a similar picture. Again, the least rates are found in Nordic countries. 

In general, the pattern of injury accident rates and of the number of killed persons shows considerable differences between the countries which will make generalisation difficult. One remarkable case is UK that shows quite high injury accident rates, but the lowest number of killed persons, both in terms of population and in terms of vehicle kilometres. 

3.2 The accident rates in Swiss railway traffic and their interpretation

3.2.1 Account of the results

The accident rates in railway traffic are developed technically in the same way as the accident rates in road traffic. Contrarily to the accident rates in road traffic, one expects to find a higher relation of non-responsible victims with respect to responsible victims. In our analysis for Switzerland (see table 3-6), this is confirmed. Both in passenger and freight transport the victims are non-responsible. In general, the risk rates are very low. For reasons of comparability with European countries, we chose passenger kilometres instead of train kilometres.

Table 3-6:
Accident rates in Swiss railway traffic
 

	
	Causing category
	Total

	
	Passenger

transport
	Freight

transport
	Others
	

	Passenger kilometres (in bill.)
	14.104    
	
	
	

	Freight kilometres (in bill. tons)
	
	8.688
	
	

	Accidents
	145    
	31
	31
	207

	Injuries:

· responsible victims

· non-responsible victims
	24

0

24
	5

0

5
	3

3

0
	32

3

29

	Fatalities: 

· responsible victims

· non-responsible victims 
	24

0

24
	5

0

5
	3

3

0
	32

3

29

	Risk rates of causing

  an accident

  an injury 

     a responsible victim

     a non-responsible victim

  a fatality

     a responsible victim

     a non-responsible victim

per billion pkm and tkm
	10.28

1.70

0.00

1.70

1.70

0.00

1.70
	3.57

0.58

0.00

0.58

0.58

0.00

0.58
	
	


The results in table 3-6 show that the risk of accidents in railway traffic is low. Furthermore, the risks of injuries and fatalities are even lower. Per definition, all victims of the passenger and freight transport are regarded as non-responsible.

3.2.2 Comparison with international results

For comparing the rail transport fatalities per passenger-kilometre, data of 1996 is available. The information is reported in table 3-7.

Table 3-7:
Rail transport fatalities per passenger-kilometre, 1996

	Country
	Rail transport fatalities per billion passenger-kilometre

	
	Passengers
	Non-passengers
	Total

	Austria
	0.3
	4.8
	5.1

	Belgium
	3.8
	0.9
	4.7

	Denmark
	0.0
	2.0
	2.0

	Finland
	0.9
	3.7
	4.6

	France
	0.2
	2.3
	2.5

	Germany
	0.5
	4.4
	4.9

	Greece
	0.0
	24.0
	24.0

	Ireland
	0.0
	6.2
	6.2

	Italy
	0.1
	0.2
	0.3

	Luxembourg
	0.0
	10.5
	10.5

	Netherlands
	0.0
	2.5
	2.5

	Portugal
	2.2
	27.1
	29.3

	Spain
	0.0
	1.3
	1.3

	Sweden
	0.0
	2.5
	2.5

	UK
	0.5
	0.8
	1.3

	Switzerland
	0.0
	0.2
	0.2


Note: The values for the EU countries have been taken from EUROSTAT. The values for Denmark, Italy, Luxembourg and the Netherlands are the ones of 1995. The values for Switzerland have been calculated according to table 2-5 and are therefore the values for 1998.

Comparing the fatality risk rates within European countries, one finds low values for almost any country (exceptions: Greece and Portugal). In general, the accident risk rates have been reduced across Europe in the last three decades. A statistic provided by EUROSTAT shows that the overall average for EU countries falls from 11.2 in 1970 to 3.0 in 1996.

Again, the pattern is quite varying. With regard to the question of generalisation of findings in the UNITE case studies we conclude that the Swiss-specific values cannot be transferred to a number of other European countries. 

4 Investigation of external costs

4.1 Methodological issues

External accident costs are a part of the total social costs. Costs are external if they are not borne by the causer of the accident but passed on to non-causing accident victims or the society as a whole.

Based on the concept of responsible (causing) and non-responsible (non-causing) victims we will distinguish the external costs between the two different categories of victims. Table 4-1 gives an overview on the external costs of non-responsible and responsible victims. 

Table 4-1:
External costs of non-responsible and responsible victims

	
	Material damage
	Administrative costs
	Medical costs
	Production losses
	Risk Value

	Non-responsible victim
	No external costs: The social costs are being covered by the third party insurance of the causer of the accident
	External costs = social costs minus recourse payments of the causer of the accident
	External costs = social costs minus recourse payments of the causer of the accident
	External costs = social costs
	Version A (assumption UNITE): The accident risk is part of the transport system and therefore internal

External costs = transfer payments that are not covered by recourse payments

Version B: Accident risk is not internalised; external costs = risk value minus covered transfer payments

	Responsible victim
	No external costs: The material damage is covered by the causer of the accident
	External costs = social costs minus recourse payments of the causer of the accident
	External costs = social costs
	External costs = social costs
	The accident risk is internal as a matter of principle. External costs arise only to the extent of transfer payments from social security insurance to the causer of the accident


Taking this table as a starting point, we ascertained the social costs per cost category for each accident victim (responsible/non-responsible). In a second step, we determined to what extent the social costs were covered by the causer of the accident in form of third party insurance payments or direct payments. The difference between the social costs and the internalisation payments results in the remaining external costs. Thereby, the proportion between social and external costs can differ according to the type of victim (responsible/non-responsible) or the cost category.

4.2 Results

4.2.1 Total external costs

The external accident costs for road and rail transport are summarized in tables 4-2 und 4-3.
 The results in table 4-2 are based on the assumption of UNITE, which says that the transport users are aware of the average accident risk. This also implies that the assessment of the average risk value is internalised. Under this assumption, the external accident costs of road transport amounts to roughly € 956 million for the year 1998. This is the share of the burden the society has to bear.
 The largest share of the costs is being caused by cars, followed by mopeds/motorcycles. Compared to the external costs of road transport, the external costs of rail transport (roughly € 8 million) are negligible.

Table 4-2:
External costs of transport accidents in Switzerland, in € million, 1998; assuming that the average risk is internalised
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1) Public buses, trolley buses, tramways

* uncovered transfer payments of the social security


In table 4-3 we presented the external costs from the perspective of the causation principle. Taking this perspective the question is not so much whether the victims are aware of the accident risk or not. The question is rather, whether the causer of the accident has to pay for the costs of his delinquency. In our opinion, taking this question as a starting point, the risk costs of the non-responsible accident victims have to be considered as external.
 Under this perspective, the total external accident costs of road transport go up from € 0.96 billion to € 2.29 billion. 

Resulting from the comparison between table 4-2 and 4-3, the cost increase can be traced back exclusively on the change in risk costs. In the case of rail transport, the total external costs of € 50 million are still low; however, the relative increase of costs compared to table 4-2 is bigger.

In summary it may be said that the assumption on the internalisation or non-internalisation of the accident risk of the non-responsible victims are of essential significance for the magnitude of the external costs.

Table 4-3:
External costs of transport accidents in Switzerland, in € million, 1998; assuming that the average risk of the non-responsible victim is not internalised
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* Risk value of the non-responsible victims and uncovered transfer payments of the social security


4.2.2 External costs per accident, injured and fatality

Besides the absolute values, the respective cost rates (per accident, per casualty and per fatality, respectively) are of significance for the determination of external marginal costs. The following table summarizes the corresponding values.

For accidents without casualties, the external costs are identical for all categories and consist of a similar share of the non-covered expenses for the police and the judicial system. 

As for the other cost rates (per injured or killed person or per accident victim), there can be considerable differences between the vehicle categories. These differences mainly result from the different characteristics of the victims (sex, age) and from the share of responsible victims in relation to the total number of accident victims.

Table 4-4:
External costs per accidents, injured and fatality, in €, 1998 
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4.2.3 External costs per vehicle kilometre

In addition to the cost rates per accident or per victim, the average external accident costs can also be calculated per vkm and train-km respectively.

Table 4-5:
Average external accident costs per unit of performance, in €, 1998
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5 Elasticities

5.1 Risk elasticities in road traffic

In order to estimate the marginal accident costs of an additional vehicle kilometre, we have to calculate the elasticity of the accident rate with regard to changes in traffic volumes. The key question is whether a higher demand for road use increases the number of accidents, injuries and fatalities, respectively. 

It was intended to base our estimation of the risk elasticities on an extensive literature survey and on the findings gained in the basic research case studies carried out within this workpackage 8 of the UNITE project. However, looking at the limited information available from both sources we decided to make an own empirical analysis with Swiss data concerning the influence of the traffic volume on the risk rates (see section 5.1.1). We analyse the key question stated above empirically for Switzerland in section 5.1.1, by using data from stationary automated vehicle recorders and data regarding accidents in selected cantons. 

Starting from the methodological approach chosen within UNITE, the analysis concentrates on the connection between traffic volume and number of accidents. However, it should be kept in mind that several key factors influence the accident rates too, the traffic volume being only one of them. Therefore, we also give an overview of other key factors by verifying in literature whether these factors have a significant influence on both the accident frequency and accident severity. The main key factors identified are:

· Traffic volume

· Composition of traffic volume (share of heavy goods vehicles)

· Speed of vehicles

· Characteristics of victims and drivers (Sex, age, number of years driving)

· Road conditions

· Weather

· Time of day (daylight)

· Consumption of alcohol

· Safety regulations.

For the other factors having an effect on the accident rates we only rely on the literature (see section 5.1.2). For these factors we also analyse whether they have an influence on the number of injured persons per accident and on the material damages caused by the accident.

5.1.1 Estimations of elasticities in road traffic for Switzerland: The effects of traffic volume

The effects of an increase in the traffic volume can be assessed with respect to the number of accidents, of injuries and of fatalities. Since we find in our data only few fatalities, a separation of injuries and fatalities is not possible. Therefore, we analyse the effects of an increase in the traffic volume on the number of victims, which are defined as the sum of injuries and fatalities.  

The traffic volume is given by stationary automated vehicle recorders that are spread out across the country. Although these vehicle recorders are mostly installed on motorways, we have also sufficient information for other road types. This allows to estimate the elasticities for three different road types. The road types are roads in- and outside settlement areas and motorways. In our sample, we consider the three Cantons Berne, Lucerne and Zurich in order to receive a sufficient number of observed roads. The information was provided by the Police Departments of the three Cantons. The vehicle recorders measure the traffic volume hourly, so we have detailed information about the traffic volume within a day. This information is available for every single day during four years (1997-2000). 

In a second step, we compare the average daily traffic with the distributions of accidents and victims within a day. We evaluate the accidents during four years on 114 selected roads (all of them with stationary automated vehicle recorders), which gives us a number of 6’245 recorded accidents. For each of these accidents, the information available covers the

· number of cars involved

· road type

· number of injured and killed persons

· weather and road conditions

· mandatory speed limit in the accident area

· main accident reasons. 

All the information is provided by the police reports that are compiled for every accident. The data allows to evaluate the effects of traffic volume on accidents and victims for the single road types.
 Given the 114 available roads and the information about accidents and victims as well as the traffic volume per daytime (24 hours), we have a total number of 2’736 panel observations for all road types. This is a sufficient number of observations to give a significant statement on the context of traffic volume and accidents. In a second analysis, we generate the elasticities for single road types. The main results are reported below in table 5-1 (for a more detailed presentation see table A-1 in the appendix).

Table 5-1:
Effects on the number of accidents and victims of a 10% increase in traffic volume for Switzerland

	Road type
	Accidents
	Victims

	All road types


	4.56

(19.01)
	3.63

(12.90)

	Motorways


	4.95

(17.70)
	4.08

(11.55)

	Outside settlement areas


	3.77

(6.69)
	4.68

(5.99)

	Inside settlement areas


	7.59

(12.93)
	7.84

(10.08)


Note: The t-values are given in parentheses.

The results given in table 5-1 have to be interpreted as follows: A 10% increase in the traffic volume on motorways raises the number of accidents by 4.95%, while the number of victims increases by 4.08%. (For each road type, the number of injuries and fatalities, respectively, are reported in the appendix). 

If we compare the effects on accidents and victims throughout the different road types, we find quite similar results: In any case an increase in the traffic volume has an increasing effect on accidents and victims. Nevertheless, this increase is in all cases below a proportional increase, i.e. an increase in traffic volume leads to an increasing number of accidents and victims, but to a decreasing risk rate per vehicle kilometre. One interesting feature of our results is the fact that both the elasticity effects on accidents and victims are highest on inside settlement area roads. While the accident elasticity might be expected to be higher inside settlement area roads, the clear increase in the victim elasticity is surprising. One would expect the number of victims to be rather small due to lower speed on inside settlement area roads.

Our results are confirmed by findings given in international studies (see also table 5-2):

· Fridstrøm (1999) finds an injury accident elasticity with respect to the overall volume of 9.11 (a 10% increase in the overall traffic volume increases injury accidents by 9.11%). Further results confirm injury accidents of this scale. 

· In an overview of six international studies, Chambron (2000) finds a positive, but in general less than proportional increase in injury accidents. This is also true for fatal accidents. 

· Dickerson, Peirson and Vickerman (2000) find that the accident elasticity varies significantly with the traffic flow. They argue that the accident externality is close to zero for low to moderate traffic flows, while it increases substantially at high traffic flows. 

· Vitaliano and Held (1991) show in their estimation that the relationship between accidents and flows is nearly proportional and thus the elasticity is close to unity. 

· Fridstrøm et al. (1995) finds an almost proportional relationship between traffic volume and accidents. 

To sum up one may say our findings are in line with international studies and confirm their basic findings (positive, but less than proportional relation between traffic volume and increase of number of accidents).

5.1.2 Other key factors influencing the risk rates

As mentioned in section 5.1, only for the estimation of the effects of traffic volume on accident an empirical analysis has been carried out within this case study. For the other key factors we give an overview of results found in the comprehensive literature review carried out within this workpackage 8 of the UNITE project. Based on this overview, the elasticities are summarised in table 5-2.

· Composition of traffic:
 While the analysis of the traffic volume may give an idea about the additional external costs caused by an increase in traffic volume, only an analysis of how the traffic is composed may give a consistent picture of which vehicle category influences the additional costs. Several studies on this subject have been carried out for European countries. Fridstrøm (1999) finds that an increase in the heavy vehicle share raises the overall injury accidents. This result is in contrast to Aljanahi, Rhodes and Metcalfe (1999) who find an apparent decrease in the accident rates if the heavy vehicle share increases. This result is also found by Tégner et al. (2000).

· Speed of vehicles: Investigations on speed find that an increase in average speed has an augmenting effect on accidents and victims (see Jaeger/Lassarre, 2000). Jaeger and Lassarre find a 10% increase to increase injury accidents by 11% and fatal accident by 17% which means that an increase in speed has an overproportional effect on the number of accidents.

· Road condition: Fridstrøm (1999) finds that days with ice-cap increases injury accidents and fatal accidents, while days with snow decrease the risk rates. No statement is possible for dry and wet roads.

· Weather: Fridstrøm (2000) analyses the weather effects in his Norwegian study. He controls for the overall traffic volume in order to give reasonable values. According to the author, injury accidents become less during days with rainfall. However, Blum and Gaudry (2000) find that rainy days have an increasing impact on accident frequencies. 

· Time of day (daylight): Fridstrøm (2000, 1999) argues that the lack of daylight affects the risk of an accident. He finds an approximately 1% effect in the rush hour darkness and in the evening darkness. 

· Consumption of alcohol and medicine: At first glance, the effects of alcohol and medicine are expected to increase both frequency and severity of accidents clearly. Nevertheless, several studies find an ambiguous result. Blum and Gaudry (2000) explain their findings as follows: Most of those who drink and drive have only consumed little and compensate to prevent accidents, while those who drink a lot increase the accident risk. Fridstrøm (1999, 2000) looks at the alcohol availability and finds an increasing impact on dangerous and fatal accidents of 2%.
 

· Safety regulations: Concerning safety regulations, one would expect that these regulations reduce both accident with injuries and fatal accidents. In a study for Quebec, Fournier and Simard (2000) find that these effects exist indeed. Taking advantage of the fact that in Quebec both highway speed was reduced and safety belt use was declared mandatory in the same month in 1976, Fournier and Simard show that these regulations have a considerable decreasing effect on the number of accidents with injuries and fatal accidents. Fridstrøm (1999) supports this findings: when the proportion of drivers who do not wear a seat belt increases by 10%, injury accidents increase by about 2.4%. Blum and Gaudry (2000) find that seat belt use reduces both the frequency and the severity of bodily injury accidents, but increases the frequency of material damage accidents. This may be explained by the less careful behaviour of drivers due to the safety increase by using seat belts. Concerning mandatory speed limits, Blum and Gaudry (2000) find a strong negative impact on accident frequencies. This is also found by Aljanahi, Rhodes and Metcalfe (1999), Fournier and Simard and Jaeger and Lassarre (2000).

Table 5-2:
Elasticities from literature

	Factors (effects of a 10% increase)
	Elasticities from literature
	Sources

	Traffic volume
	between 2 and 11%
	F, FI, VH, C, T

	Composition of traffic
	impacts of heavy vehicle share on accidents are controversial
	F, T, ARM

	Speed
	11% more injury accidents,

17% more fatal accidents
	JL

	Road conditions
	depending on conditions: days with snow have a negative impact, 1%, days with ice-caps a positive, 2%
	F

	Weather
	impacts of weather on accidents are controversial, no general statement can be made
	F, BG

	Daylight
	small positive (unfavourable) impact of darkness (1%)
	F

	Alcohol

Medicine
	most studies find a week positive (unfavourable) impact on accidents: 1-2%

positive (unfavourable) impact, 2-4%
	F, BG, JL, T

T, FS

	Safety regulations

· seat belt wearing

· mandatory speed limits
	negative (favourable) impact, 2-3%

negative (favourable) impact, 2-9%
	F, BG, FS

JL, BG, FS, ARM


Note: The source abbreviations have the following meaning: ARM = Aljanahi/Rhodes/Metcalfe (1999), BG = Blum/Gaudry (2000), C = Chambron (2000), F = Fridstrøm (either 1999 or 2000), FI = Fridstrøm et al. (1995), FS = Fournier/Simard (2000), JL = Jaeger/Lassarre (2000), T = Tégner et al. (2000), VH = Vitaliano/Held (1991).
In order to get a better idea about the effects of some of the factors of table 5-2, we estimate a simple OLS regression with the number of injured persons per accident and total material damage per accident as left-hand variables. As right-hand variables we chose the number of objects involved in an accident, the time of day, day of the week (workday or weekend), weather and road conditions. The results of the estimations are summarised in table 5-3.

Though we investigate a large number of accidents, we are not able to make statements concerning the risk rates, because we don't have available the necessary data about the traffic volumes (e.g. kilometre performance under bad weather conditions). Instead, we analyse the factors that influence the number of injuries per accident and material damage per accident. We find the following results: 

· The number of injuries per accident is positively influenced by the number of objects involved and by the day of the week (significantly more injured persons per accident at weekends). 

· The level of material damages per traffic accident is of course strongly influenced by the number of objects involved. But also the daylight and the road conditions have a considerable impact on the material damages caused by a road traffic accident: . However, the adjusted R2 shows only a moderate size. 

Table 5-3:
Estimation of the relative importance of factors that influence the number of injured persons and the material damages per road traffic accident

	
	Dependent variable

	
	Number of injured persons per accident
	Material damage per accident (in CHF)

	Observations
	1'776
	1'776

	Explaining variable
	
	

	Constant

(t-value)
	-0.363**

(-2.12)
	-6391.62***

(-4.53)

	Number of objects involved

(t-value)
	0.295***

(3.45)
	9'608.03***

(21.15)

	Day of the week

(t-value)
	0.156***

(3.71)
	1'236.63

(1.02)

	Daylight

(t-value)
	0.029

(1.06)
	2'566.51**

(2.33)

	Weather

(t-value)
	-0.026

(-0.87)
	-123.63

(-0.11)

	Road conditions

(t-value)
	0.035

(0.98)
	2'024.01*

(1.87)

	adj. R2
	0.26
	0.20


Note: The variables day of the week, daylight, weather and road conditions are all dummy variables (day of the week is 0 if it is a workday (Monday to Friday), otherwise 1; daylight is 0 if it is day, otherwise 1; weather is 0 if it is nice, otherwise 1; road conditions is 0 if it is dry, otherwise 1). ***, ** and * denote significance levels of 1%, 5% and 10%, respectively. This analysis is restricted on the accidents in the canton of Zurich because of data reasons.
5.2 Risk elasticities in rail traffic

The Swiss Federal Railways could not provide any data needed for an estimation of accident elasticities. It was not possible to carry out a similar analysis. Case study 8c within the UNITE project deals in detail with this issue (see Lindberg, 2001). 

However, looking at the very low accident rates of railways the external marginal accident costs of railways are by dimensions lower than for road transport. Against this background, we renounce calculating them within this case study. 

6 Marginal external accident cost rates

From equation 6 (see chapter 2) and the estimated empirical values concerning accident rates for Switzerland, external costs and elasticities, the external marginal accident costs can be determined.

For the presentation of the results, two aspects are particularly interesting:

1.
How do the external accident costs change?

2.
What is the size of the total external marginal costs (considering the difference in accident risks for transport users)? Three cases can be distinguished:

a) The average accident risk is internalised by the transport users (assumption Lindberg);

b) The average accident risk is not internalised (suggested alternative by Lindberg);

c) With view to the causation principle: the accident risk of the causer is internal, the risk of the non-responsible victim is external (Swiss approach).

The second column of table 6-1 shows the external marginal costs imposed on society (costs for the police, administrative costs) measured in € per vehicle kilometre. According to different road types, they range between € 0.001 / vkm (motorway) and € 0.018 / vkm (inside settlement area). There are also substantial differences between the vehicle categories. Generally, the category “moped, motorcycle” produces the highest marginal costs.

The total external costs – taking the alteration of the accident risk of the accident victims into account – are presented in columns 3 to 5 of table 6-1. It can be shown that the total external marginal costs become negative under the assumption that transport users have internalised their average accident risk (column 3). At first glance, this result may seem surprising. However, this ties up with the chosen assumption, according to which accident risk is internalised and secondly with the empirical findings of a less than proportional increase in the number of accidents and casualties with increasing transport volume.

If this assumption is abandoned and the accident risk is considered not being internalised, this results in positive marginal costs (see column 4 of table 6-1).

Taking the causation principle as a starting point both approaches that have been presented in chapter 4 are not satisfying in our opinion. The question is not whether the victims are aware of the risk but rather whether the causer of an accident has to bear the accident costs (including the assessment of the accident risk. From this perspective, the risk costs of non-responsible victims are external (inasmuch as the causer of the accident does not bear the costs in from of either third party insurance payments or direct transfers) and the risk costs of the responsible victims are internal. 

Tabelle 6-1:
Marginal external accident costs, in € / vkm; 1998
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In order to derive the external marginal costs (as defined above) from the perspective of the causer of an accident, we start from the following equation:

(7)
rV(aD'+c'V)(1+EV)+rAc'A(1+EA)
with

a’D 
(Ra’R + Na’N) / (R+N)

a’R 
transfer payments of the security system to responsible victims

a’N
value of statistical life (a) of the non-responsible victims minus third party insurance payments and recourse payments of the causer of the accident
R
Number of responsible victims

N
Number of non-responsible victims

These calculations result in external marginal costs between € 0.002 to 0.048 per vkm, according to different road types (shaded column 5 of table 6-1). Thus, our results for the external marginal accident costs are situated between the two extreme positions (no or full internalisation of accident risk).

7 Conclusions

In the framework of this case study specific risk rates according to vehicle categories and road types have been derived for Switzerland. In contrast to the standard definition (“risk of a transport user of a certain vehicle category to get involved in an accident”), our approach starts from the causation principle: We established for each vehicle category the number of accidents and casualties it is responsible for. In our view, it is this perspective that is relevant when inputs for pricing purposes are provided - which is the ultimate objective of the UNITE marginal cost case studies.

When calculating these values, specific estimations of the number of non-reported accidents and accident victims have been taken into account. These estimations show that the total number of accident victims is about four times higher than the number of officially recorded accidents. 

A similar in-depth analysis for rail transport was not possible due to lack of data. However, accident costs are first of all a road transport issue as the findings in the Swiss Transport Accounts elaborated within the UINITE project (see Suter et al. 2001) clearly shows. 

Based on this foundation, we were able to calculate causer-specific risk rates. As expected, the risk rates are lowest for motorways with separated lanes (0.077 victims per mill. vkm for heavy goods vehicles to 0.51 for coaches) und highest on roads inside settlement areas (1.07 for light goods vehicles to 23.28 for coaches).

For the calculation of the external costs, we made use of the in-depth analysis carried out within the elaboration of the Swiss Transport Accounts, the other main pillar of the UNITE project (see Suter et al. 2001). In the year 1998, external accident costs of road and rail transport amounted between € 964 million (accident risk fully internalised) and € 2.34 billion (accident risk of the non-responsible victim not internalised). 

For the calculation of accident risk elasticities (change in risk rate r (=A/Q) with increasing transport volume), we carried out several comprehensive empirical estimates for different road types. The calculations are based on information about the number of accidents per hour and transport volume per hour for 114 road sections in Switzerland in the years 1996 - 2000. The analysis of this data resulted in elasticities (dA/dQ Q/A) - starting from a 10% increase in transport volume - in the following range for the three road types distinguished in this case study:

· 3.77 to 7.59 with regard to the number of accidents

· 3.63 to 7.84 with regard to the number of accident victims

Altogether, the results show a under proportional increase in both accidents and accident victims with increasing transport volume. The results are in a similar order of magnitude as estimates found in the literature.

Based on these findings we determined the external marginal accident costs for road transport. It shows that the size of the marginal costs depends crucially on the assumption concerning the internalisation of the accident risk.

· Considering the average accident risk to be internalised (because the transport users are supposed to be aware of the average risk), the result – due to the under proportional increase in the number of accidents and the fact that we took into account payments of the insurances and the social security to traffic accident victims and their dependants respectively – are negative marginal costs in the range between € –0.004 and –0.031 per vkm, according to different road types.

· Assuming a causation perspective in which the causer of the accident normally bears only his consequences of the accident, but not (or just partly) the costs of the non-responsible victims, the external marginal costs turn out to be significantly higher. They are in the range between € 0.002 (motorway) and 0.048 (roads inside settlement area) per vkm.

In our view, the second perspective should be taken when it comes to pricing.

For rail transport, we have estimated only average but not marginal external accident costs. The rates amount to € 0.04 / train-km (risk fully internalised) and to € 0.30 / train-km (risk of non-responsible victims not internalised) respectively. 

Additionally, a literature research showed the well-known that the number of accidents does not depend solely on transport volumes, but also on other factors (such as speed, share of heavy goods vehicles, weather conditions, daylight, alcohol, share of passengers with their safety belts on). Of particular significance are both actually driven speed and speed limits. Related to possible measures for the reduction of the external (marginal-)costs, this means that besides influencing the transport volumes (e.g. over road pricing) also other measures (e.g. intensified speed checks, lower speed limits) are important. It also should be examined in more detail to what extent intensified liability regulations and a more risk-related system of the insurance companies (bonus-malus-system) positively influence the risk behaviour of the road users. (in the sense of a more careful way of driving).

Against this background, the strong focus of the methodological approach chosen in UNITE on the relation between traffic accidents and traffic volumes has its drawbacks when it comes to the question of policy measures: A sensible transport policy strategy in the field of traffic accidents shouldn't focus exclusively on the external marginal accident costs as derived in this case study. A much broader approach taking into account the high relevance of the other key factors is more suitable to deal with this important issue in transport policy. Such a broader approach would result in a differentiated strategy consisting of a mix of pricing and of non-pricing measures.
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Appendix

Table A-1:
Elasticities of accidents and victims with regard to traffic volume, evaluated at sample mean, 1997-2000

	Road type
	Elasticity of accidents with regard to traffic volume (in km)
	Elasticity of victims with regard to traffic volume (in km)

	All road types
(t-value)

adj. R2 (weighted)
adj. R2 (unweighted)
Total panel observations

No of accidents

No of injuries

No of fatalities

No of victims
	4.56**

(19.01)

0.25

0.52

2736

6289
	3.63**

(12.90)

0.07

0.22

2736

2534

45

2579

	Motorways
(t-value)

adj. R2 (weighted)
adj. R2 (unweighted)
Total panel observations

No of accidents

No of injuries

No of fatalities

No of victims
	4.95**

(17.70)

0.27

0.49

1488

4295


	4.08**

(11.55)

0.09

0.22

1488

1481

23

1504

	Outside settlement area
(t-value)

adj. R2 (weighted)
adj. R2 (unweighted)
Total panel observations

No of accidents

No of injuries

No of fatalities

No of victims
	3.77**

(6.69)

0.27

0.55

648

922
	4.68**

(5.99)

0.09

0.24

648

496

15

511

	Inside settlement area
(t-value)

adj. R2 (weighted)
adj. R2 (unweighted)
Total panel observations

No of accidents

No of injuries

No of fatalities

No of victims
	7.59**

(12.93)

0.37

0.60

600

1072
	7.84**

(10.08)

0.18

0.35

600

557

7

564


** and * denote significance at the 1% and 5% level, respectively.

Table A-2:
Risk rates and elasticities with regard to road types and accident-causing vehicle category;1998
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Table A-3:
Cost rates for the determination of marginal external accident costs, in €, 1998
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* = risk value of the victim (a) minus payments of the social security and payments of the causer of the accident (or his / her

      auto liability insurance)


� 	a: value for statistical life; b: ditto for relatives and friends; c: (mainly material) costs for the rest of the society.


� 	See among others, Winslott (1998). 


� 	In case there is a defect or a human failure on both objects, the accident (the number of injured and killed victims, respectively) is assigned half of it to both vehicle categories.


� 	For every accident type (passenger car versus light goods vehicle, passenger car versus coach, etc.) we made assumptions on the distributions of the victims. Using a cross-connection the result has been verified by the officially showed victims per vehicle category. Our calculations lead only to negligible deviations (below 10%). 


� 	See the explanation in footnote 2.


� 	Detailed information about the issue of non-reported accidents is given in section 2.5.1 of Suter et al. (2001), i.e. the UNITE transport accounts for Switzerland. 


� 	Source: 


	-	Reported accidents and victims: Swiss Federal Statistical Office (and own calculations)


	- 	Non-reported accidents: Own estimation carried out on specific evaluations at the Sammelstelle der Schweizerischen Unfallverhütung („Collecting Office of Swiss Accident Insurance Agencies”). For further details see Suter et al. (2001), p. 20-21.


� 	It is noticeable that for the vehicle categories “Coach and Urban Public Transport” the number of non-reported accident victims is very high compared to the number of officially reported victims. This might be tied up with the fact that the definition of vehicle categories in the official statistics of the Swiss Federal Statistical Office is not identical with the definition of the Collecting Office of Swiss Accident Insurance Agencies, whose data has been used to determine the vehicle-specific underreporting.


� 	Example: We know that 53% of the casualties and 17% of the fatalities in passenger cars occur on roads inside settlement areas. Now we assume that 53% of the casualties and 17% of the fatalities caused by passenger cars occur on roads inside settlement areas.


� 	Source: Swiss Federal Statistical Office (and own calculations).


� 	For a detailed description of the cost rates see Suter et al. (2001).


� 	In the terminology of Lindberg (2001), this is the term c (costs mainly material, for the rest of the society) minus third party insurance payments and recourse payments of the (responsible) causer of the accident ([d] compensation or [M] fine in the terminology of Lindberg).


� 	The risk costs are calculated using the following values: Value of statistical life (VOSL): € 1.5 million, after adjustment for income and factor costs: € 1.77 million. Value for injuries in percent of VOSL: severe permanent (32%), severe temporary (4%), light (1%). Then, transfer payments of the social security insurances and direct transfer payments of the causer of the accident to the accident victim have been deducted from these values.


� 	Information about the econometric analysis carried out: In order to measure the effect of an increase in traffic volume on the number of accidents and victims, we apply a pooled estimation with fixed effects (differences between the roads included in our sample are captured in differences in the constant term of the estimation equation) and use cross-section weights to allow for different variances between the cross-sectional units, i.e. to control for cross-section heteroskedasticity.


� 	The newer vehicle recorders in Switzerland are able to measure the length of a vehicle. However, the number of this type of vehicle recorders is too small for an empirical investigation. A future research may use this additional information.


� 	Fridstrøm investigates the question whether an increase in access to alcohol has an effect on accidents. He tests this by measuring the number of alcohol outlets per 1000 inhabitants.


� 	Assuming an under-proportional increase in both the number of accidents and the accident victims with increasing transport volumes (which empirically is broadly recognized and also confirmed by our estimations), the elasticity (dr/dQ Q/r) becomes negative. This negative value is being multiplied with a’ (assessment of accident risk) in equation (6). Since a’ is at least five times higher than c’A or c’V (see Table A-3 in the annex), the overall result of equation (6) is dominated by the negative value of rVEV(a’+cV).


� 	In contrast to equation (6), there is no deduction for the internalisation of the accident risk by the accident victim here. Additionally, the remaining external costs of risk value are determined anew.


� 	The higher the share of responsible victims per vehicle category, the closer the results are to full risk internalisation (column 3), which is plausible because of the assumption that there are no external risk costs on the side of the responsible victim (= causer of the accident). E.g. for the category of “moped, motorcycles“, the share of responsible victims is 91% (see also table 3-1), which is relatively high. Therefore, the results lie closer to column 3 (full risk internalisation) than to column 4 (no risk internalisation).
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										Figure 3.3:  Marginal Cost Case Studies
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										7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28				WP5-9 not shown



WP2: Integration of Approaches

WP11: Pilot Accounts

WP12: Generalisation of Case Studies

Project Management

WP3:
Accounts
Approach

WP4:
MC
Method



WPs

		Table 3.1:  Overall Schedule of Workpackages

		WP		Workpackage Title		Start		End		Length		Outputs (month)

						month

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

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

		3		Accounts Approach		4		6		3		D2 (6)

		4		Marginal Cost Methodology		4		6		3		D3 (6)

		5-10		"Specialist Category" WPs:*

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

		6		Supplier Operating Cost		4		24		21		D6 (16)

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

		8		Accident Costs		4		24		21		D9 (21)

		9		Environmental Costs		4		26		23		D11 (24)

		10		Taxes, Charges & Subsidies		4		24		21		-

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

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

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

		14		Project Management		1		33		33		FR (33)

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





Deliv

				Table 3.2:  Schedule of Deliverables

				No.		Month		WP		Title		Main Contents		QA

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

				Table 3.3:  Major Project Milestones

				No.		Month		"Title"		Main Contents

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

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

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

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

		0		M5		33		Completion		Final Report

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

		0		represented by the Steering Committee.
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Meetings

				Table 3.4:  Main Working Meetings

				Meeting		Month		Venue/ Partner		Main Reason		Core Attendance

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

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

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

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

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

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

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

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

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

		Overall Schedule of WPs

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

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

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

												28		D13 Results from Testing Alternative Integration Frameworks

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

		Detailed Schedule of Tasks (NOT COMPLETE)

		1		The Overall UNITE Methodology		1		3		3

				Task 1.1: Identification of Policy Questions

				Task 1.2: Identification of Technical Questions

				Task 1.3: Discussion with Key Stakeholders

				Task 1.4: Development of Framework for Integration

				Task 1.5: Development of an Outline for Project

		2		Integration of Approaches		4		28		25

				Task 2.1: Development of a Theoretical Framework				6

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

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

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

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

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

		3		Accounts Approach		4		6		3

		4		Marginal Cost Methodology		4		6		3

		5		Infrastructure Costs & Benefits		4		24		21

		6		Supplier Operating Cost		4		24		21

		7		Transport User Costs & Benefits		4		24		21

		8		Accident Costs		4		24		21

		9		Environmental Costs		4		26		23

		9.1		Determine Scope		4		4

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

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

		9.4		Support Accounts Development		7		24

		9.5		Conduct MC Case Studies		7		24

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

		10		Taxes, Charges & Subsidies		4		24		21

		11		Pilot Accounts		7		24		18

		12		Generalisation of Marginal Costs		7		28		22

		13		Policy Perspectives on the UNITE Research		29		31		3

		14		Project Management		1		33		33












