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EXECUTIVE SUMMARY 

This report suggests a framework for categorizing and assessing the internal and external costs of 
railway accidents. The focus is on personal injuries and allocation of cost responsibility. The main 
applications are the levying of track user charges and  socio-econornic  impact assessment of the rail 
transport mode. 

Sweden and Norway are possibly the only countries that apply an established framework for assessing 
the internal and external costs of railway accidents. They mostly apply existing theory, but also make 
assumptions. The framework presented here is based on these models and existing theory. 

Since the external cost is dependent on the nature of the accident, it is recommended that the cost be 
categorized by type and according to the severity of injury. Accident categories are: 

a) Collision or derailing, 
b) Level crossing accident (with and without warning device), 
c) Falling from a platform or moving train, and 
d) Accident on forbidden track line. 

The key criteria in separating between the internal and external accident costs are the infliction and 
exposure of risk in different accident categories. In the case of collision, derailing or level crossing 
accident with warning device, the passengers, train personnel and motorists are aware of their personal 
risks. Therefore, risk values are internalised for their part in all accidents. The remaining external costs 
are the costs to authorities and lost national product. However, in the case of accidents in level 
crossings without warning device, or falling onto tracks from platforms or from moving trains, the risk 
costs are considered externalities, since careful behaviour may have hot prevented the incident.  ln 

 Finland, hospital costs, rehabilitation and compensations for lost income are effectively internalised 
through the insurance system applying the principles of strict liability. 

When risk has been inflicted by the railway, the costs are allocated to the railway and visa versa. It 
should be clear that in accidents in level crossings with warning device the responsibility of accident 
costs is at the guilty party ignoring warning and entering tracks. It is recommended that the external 
costs of accidents in level crossings without warning device be shared between the rail and the road 
transport modes. The costs of accidents on platforms and accidents to passengers falling from moving 
trains are allocated to the railways. The costs of accidents to pedestrians crossing the forbidden track 
line are not considered the responsibility of the railways. 

In addition, the costs of delays caused by accidents should be considered, as well as environmental 
costs associated with accidents to transport of dangerous goods. 

Cost assignment is based on a recent updating of the socio-economic unit costs of personal injuries. 
Marginal external costs of accidents can be estimated by applying these unit costs with accident risk 
models currently available at least for level crossing accidents. 

The proposed framework will not impact track user charges radically, although some increase is 
expected. Instead, it will introduce transparency by emphasizing situations of stronger cost 
responsibility of the rail mode, and on the other hand, releasing the rail mode of cost responsibility in 
other situations. A certain impact is the recognition of the costs of accidents at level crossings without 
warning device.  
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TIIVISTELMÄ  

Raportissa esitetään viitekehys eri tyyppisten rautatieoniiettomuuksien sisäisten  ja  ulkoisten 
kustannusten luokittelem iseksi  ja laskem iseksi.  Tarkastelu keskittyy henki lövah  inko-onnettomuuksi  in. 

 Lisäksi pohditaan kustannusten kohdentamista. Keskeiset sovelluskohteet ovat ratamaksun 
määrittäm  men  sekä rautatiel iikenteen yhteiskuntataloudel  linen  tarkastelu. 

Ruotsissa  ja  Norjassa  on  käytössä ainoat rautatieliikenteen sisäisten  ja  ulkoisten onnettomuus- 
kustannusten tarkasteluun vakiintuneet mallit. Ne noudattavat pääpiirteissään teoriaa, mutta sisältävät 
myös omia ratkaisuja. Nyt esitetty kehikko  on  synteesi  ko.  malleista sekä teoriasta. 

Onnettornuudet suositel laan kategorisoitavan  tyypin  ja  henki lövah ingon asteen mukaan, koska sisäisen 
 ja  ulkoisen kustannuksen  jako  riippuu onnettomuuden luonteesta. Onnettomuustyyppejä ovat:  

a) suistuminen  tai törmäys  rautateillä  
b) tasoristeysonnettomuus (varoituslaittein  tai  ilman varoituslaitetta)  
c) laiturialueel  la  tapahtuva henkilövah  inko-onnettomuus  tai putoam men Ii ikkuvasta j unasta 
d) muualla kielletyllä ratalinjalla tapahtuva henkilövahinko-onnettomuus 

Keskeinen sisäisen  ja  ulkoisen kustannuksen määrittäjä  on  riskin aiheuttaminen ja  tiedostaminen 
kussakin onnettomuuskategoriassa. Kaikkien onnettomuustyyppien osalta matkustajat, junahenkilö-
kunta sekä teillä liikkujat tiedostavat toimintaan  Ii ittyvän onnettomuusriskin.  Tällöin henkilövahingon 
riskiarvo  on  sisäinen kustannus  ja ulkoiseksi kustannukseksi  jäävät viranoniaiskustannukset sekä 
menetetty kansantalouden tuotanto. Kuitenkin varoituslaitteettomassa tasoristeyksessä, laiturialueella 

 tai liikkuvassa  junassa ihmisen varovaisuus ei välttämättä estä onnettomuutta. Tällöin myös henkilö- 
vahingon riskiarvot ovat ulkoisia kustannuksia. Suomessa sairaanhoidon, kuntoutuksen  ja  ansion- 
menetysten kustannukset  on s isäistetty  ankaran  vastuun vakuutuskäytäntöjen kautta. 

Silloin kun vastuu riskistä  on  rautateillä,  on kustannusvastuukin  rautateillä.  Jos  riskin ottaja ou  muu 
 Ii ikennemuoto,  ei kustannusvastuu kohdistu rautateil  le.  Ilman varoituslaitetta olevan tasoristeys-

onnettomuuden ulkoinen kustannus suositellaan jaettavaksi rautatie-  ja  tieliikenteen kesken. 
Onnettomuus matkustajalle  tai saattajal le laiturialueel la tail  i ikkuvastaj unasta putoaval  le matkustajal le 
kohdennetaan rautateil le. Kiel letyl lä ratalinjal la  tapahtuneet henki lövahi ulgot eivät kohdennu 
rautateille, koska vahinko  on  seurausta tietoisesta riskinotosta. 

Rautatieonnettomuudet  aiheuttavat myös liikenteen viivästyksiä, sekä ympäristökustannuksia mikäli 
onnettomuus tapahtuu vaarall isten aineiden kuljetuksissa. Etenkin  vi ivästysten  tarkastelua suositel laan 
jatkossa. 

Henki lövah  inkojen arvottam isessa nojaudutaan  vuonna  1999 rnääriteltyi  hin  Ii ikenneonnettomuuksien 
henkilövaluinkojen yhteiskuntataloudellisiin yksikköarvoihin.  Oikeaoppiset onnettomuuksien  raja- 
kustannukset voidaan määritellä suhteuttaen yksikköarvoja riskimalleilla liikkumisen määrään. 

Ratamaksun  tasoon esitetty kehikko ei vaikuttane radikaalisti. Kehikon tarkoitus onkin luoda läpi- 
näkyvyyttä onnettomnuuskustannusten tarkasteluun. Rautateiden kustannusvastuuta korostetaan toisissa 
tilanteissa, kun taas toisissa tilanteissa  se  joko rajataan pois  tai se  alenee. Merkittävämpi muutos 
seuraa henkilövahinkojen yksikköarvojen päivityksestä. Ohjausvaikutuksista voidaan  sen  verran että 
ilman varoituslaitetta oleviin tasoristeyksiin kiinnitetään nyt huomiota enemmän. 



FOREWORD 

The Finnish Railway Administration commissioned Electrowatt-Ekono  Oy  to prepare a 
framework on the internal and external costs of railway accidents in May 2000. The study was 
finalised by the end of October the same year. 

The study is prepared by  Juha Tervonen, M.Sc.  (in Econ.), with the assistance and co-
ordination of  Tuomo Suvanto  from the strategy unit of the Finnish Railroad Administration. A 
discussion on legal compensation issues was held with Mika  Mäkilä  from the technical unit. 
Nordic accident costing experts were also consulted in the course of the project. 

The study is part of the on-going work in transport administration concerning the principles 
and application of marginal cost pricing. The most immediate impact of the framework 
suggested here is on the principles of levying track access charges on railways. 

Helsinki, December 2000 

Finnish Rail Administration 
Strategy Unit 
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1 INTRODUCTION 

The new principles of transport pricing suggested by the European Commission aim at 
charging the costs of transport to the users of the network as they actually occur, by applying 
the principles of marginal cost pricing (European Commission, I 999a-c). According to 
economic theory, short-term marginal cost pricing adds efficiency to the use of transport 
networks, internalises the external costs caused by mobility, and influences the behaviour of 
operators and travellers. The core cost components (wear and tear of network, emissions and 
accidents) have been theoretically conceptualised for the purpose of levying network user 
charges,  e.g.  the track access charge on railways. 

Railway accidents cause considerable socio-economic costs. Some of the accidents occur 
within the mode and some are collisions with the road transport mode in level crossings. In 
addition, people are hit or run over by trains in station areas and on other track lines. Also, 
accidents may happen to trains transporting dangerous goods. Some of the costs of these 
accidents are borne by the traveller as a victim or guilty party. Partly the costs are borne by 
the operator or infrastructure manager and partly by the society at large. 

The marginal cost pricing of transport expects that accident costs would be assessed as 
internal and external cost elements, in other words, as costs, which are considered by the 
traveller or operator in the decision to travel or supply a service, and as costs, which are not 
considered. The costs not internalised into decision-making, and thus not covered, are pricing 
relevant external costs. This external element of accident costs should be known according to 
the relative risk caused by the volume of transport within the same mode and between 
different modes of transport. 

The aim of this study is to define the theoretically correct internal and external accident cost 
elements, so that they will serve the levying of track access charges and the assessing of the 
socio-economic costs of railway transport in general. The examination covers accidents 
internal to the rail mode, accidents with other modes, and accidents to pedestrians hit by trains 
on the track line. The main emphasis is on personal injuries, but material damages and 
accidents in transport of dangerous goods are also included. 

The actual external costs are not defined, but a framework of principles is presented. Due to 
some deficiency in existing theory and differences in the existing practices, grey areas are 
solved through reasoning based on general principles. 

The socio-economic costs of road traffic accidents were first assessed in Finland by  LTT 
 (1990) and latest in 1999 in projects funded by the Ministry of Transport and 

Communications, Finnish Railway Administration and Finnish National Road Administration 
 (Tervonen,  1 999a-b). The costing concepts and practices are explained in these reports. 

Section 2 of this report presents the theory of accident costing. Section 3 describes costing 
models currently applied. Section 4 reviews the safety of the Finnish railway network. In 
Section 5 a framework is suggested for costing railway accidents in Finland, and Section 6 
discusses the impacts of the framework on track access charges. Section 7 concludes the 
report.  





individual traveller or operator level, varying according to risk behaviour and distance 
travelled. 

According to theory, the charges should apply the liability principle, i.e. the risk imposer will 
pay the cost. The above principles are best put into operation within the traffic or liability 
insurance systems, but ticket prices and user charges can also be applied. These principles do 
not aim at replacing normative approaches to traffic safety, but instead, offer supplementing 
tools for providing incentives for safer traffic behaviour. A bonus/malus system applied at the 
individual traveller and operator level allows structuring efficient behavioural signals. 

2.2 The cost structure of a traffic accident 

The division of accident costs into internal and external elements requires first defining and 
assessing these costs. The unit cost of each cost element is assessed by an inventory of the 
real economic losses defined and by the willingness-to-pay approach for lost well-being. 
Figure 2.1 presents the generalised cost structure of a personal injury. 

The socio-economic unit costs have originally been defined for the purpose of investment 
analysis (see e.g. Tielaitos, 1995). The same unit costs can also be used for pricing purposes, 
as the basis of providing a value for the cost elements is exactly the same. The difference is 
that investment analysis uses the total unit cost irrespective of the party covering the cost, 
whereas pricing is interested only in the external share of costs. 

Lost human well-being (risk value) 

Lost production and income transfers 

Hospital treatment and rehabilitation 

Emergency and administrative costs 

Material costs 

Figure 2.1. The cost structure of an accident leading to personal injury. 

Material costs consist of property damage, such as vehicles and infrastructure with its 
appliances, the former being private property and the latter property of the society. 
Emergency and administrative costs consist of police, fire department and first aid personnel 
costs, as well as the costs to the authority caused by, for example, accident investigation and 
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reporting. The above costs are mostly present in railway accidents, even in those without 
personal injuries. 

Medical and hospital treatment costs and costs of rehabilitation are present when personal 
injuries occur. In the case of serious personal injuries temporary or permanent losses of 
income and production occur, which are borne by both the victim and his/her employer. 2  The 
lost or reduced capacity of a productive individual is reflected in the decreased national 
capacity to produce. In addition to the above real economic losses, a personal injury involves 
losses of human welfare, which are also valued as economic losses. Losses of human well-
being are often called risk values, due to the methodology of valuing reductions in accident 
risk by subjective monetary weighting (Jones-Lee, 1990;  Tervonen,  1999a and 1999b). 

The cost realization of each accident is incidental, but in socio-economic assessment they are 
defined as average unit costs per category of injury. The latest review of the unit costs of 
personal injuries assesses immediate economic costs, production losses to the society and lost 
human well-being primarily for road traffic accidents (Table 2.1). 

Table 2.1. The unit costs ofpersonal injuries in road traffic accidents  (Tervonen,  1999b). 

Injury category 
________________________ 	Unit_cost,_FIM ______________  

Lm mediate economic 
costs * 

Lost production Risk value Total 

Fatality 46300 2502500 87100000 11258800 
Permanent injury 21 000 1 470 400 4 808 000 6 299 400 
Temporary injury  

- 	severe 
- 	slight 

21 000 
21 000 

14100 
3 500 

1 450000 
250 000 

1485100  
274 500 

The unit costs defined for the road transport mode have also been used in the rail sector for 
practical reasons, although in economic theory risk values are based on subjectively assessed 
(statistical) risk levels depending on the characteristics of accidents. The statistical risks of 
railway accidents are lower per unit of travel than on roads, but on the other hand, the 
catastrophe nature of a railway accident may impact subjective values (see e.g. Jones-Lee & 
Loomes, 1994; Jones-Lee & Loomes, 1995; Zeckhauser, 1996). However, the empirical 
evidence on the latter is controversial, and the issue is not analysed here further. 

The recently updated unit costs of personal injuries represent lost human well-being (risk 
value) and lost national production perhaps in the best way. The other cost elements are based 
on relatively old cost inventories and need to be reviewed. 

2.3 The costs of a railway accident 

The cost structure and total cost outcome of a railway accident are naturally different from a 
road traffic accident. Yet, no official unit costs have been assessed separately for the railways. 
The material costs are borne by the operator or the infrastructure manager, as well as in most 

2  To be precise, compensations paid from insurances should be taken into consideration, since they are not borne 
by the society at large, but collectively by insurance takers.  



cases of collisions at level crossings, by the owner of the road transport vehicle. The damage 
costs due to material losses in railway accidents have not been subjected to particular 
inventory, nor have the administrative costs been assessed. 

For the costs of personal injuries, the cost of treatment and rehabilitation, as well as lost 
production and income transfers, the structure and total cost should be similar in rail and road 
traffic accidents. However, the distribution of injuries in categories of severity is likely to be 
different,  i.e.  the relative proportion of fatalities and severe injuries is higher in railway 
accidents. Thus, the relative weight of lost production and well-being is likely to be higher. 

Railway accidents can be categorised broadly into accidents within the same transport mode 
(derailing or collision with another train) and collisions between other modes. The latter 
consists of level crossing accidents and collisions with pedestrians on the track line. 
Categorisation is important since it has an impact on the division between internal and 
external cost elements, as well as the allocation of cost responsibility. 

Within traffic safety research, an accident between a motor vehicle and non-motorised modes 
(most often a pedestrian or cyclist) is described as an accident between a protected and non- 
protected road user. These concepts are used for determining risk relationships between the 
parties in accidents. In principle, vehicles of different sizes could be categorised according to 
mass and weight relationships  (e.g.  passenger car  -  truck; motorcyclist  -  passenger car). 
Furthermore, separating the right-of-ways for modes of different sizes is seen as the most 
efficient way to prevent accidents. However, the difference in size between vehicles and 
transport modes does not necessarily tell us everything about the relationship between 
imposing risk and being a target of risky behaviour. Thus, the principles of risk relationships 
should be used for allocating responsibility for (external) accident cost, and the size of 
vehicles should not be the only guideline. 

Due to the fact that the guilty party in level crossing accidents is in legalistic judging always 
the motorist, the guilty party's traffic insurance covers the costs of material damages, 
treatments costs and compensations for lost income, and pain and suffering for both parties. In 
Finland, it is possible that mitigating circumstances are taken into consideration, which may 
lower the compensations levied on the motorist. 

According to Miller et al. (1994), in the United States in 1989-1990, approximately 90% of 
the total costs of railway accidents were incurred at level crossings, for both passenger and 
freight trains. The share of costs incurred by derailing was 8% and 6% for freight and 
passenger trains respectively. The share of material damages was clearly below 10%, the rest 
resulting from personal injuries. Thus, an accident to a passenger train caused twice as high 
costs as freight train accidents. Two thirds of the costs of personal injuries were caused by 
accidents to people or cars run over by trains.  

UIC  (1999) refers to a study, according to which, 97% of the level crossing accidents that 
took place on German railways from 1991 to 1997 were caused by road transport. Thus, cost 
responsibility was allocated to the road mode.  
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2.4 Internal and external accident costs 

External accident cost as a concept is associated with accident risk, which in turn is relative to 
kilometres travelled, speed, vehicle mix in a transport flow, risk behaviour and the causal 
relationship of risk exposure. External accident costs may differ by traffic situation, 
particularly when  heterogenous  traffic flows are in question. 

The users of the network expose themselves and other users to risk, the realisation of which as 
an accident and associated cost is not necessarily completely borne by the risk taker. These 
uncovered costs are assumed to be higher in relation to higher travel performance and riskier 
behaviour. 

According to the risk categories defined for road transport, while entering a traffic flow the 
user of the network (European Commission, 1999a):  
•  Exposes himself to the average risk in that transport mode.  
•  Increases or decreases accident risk for other users of that mode.  
•  Increases or decreases the risk for the users of other transport modes. 

The Commission further defines: 

"The risks for railway users are limited and consequently System and Traffic volume 
externalities are negligible. Nevertheless, accident externality charges are relevant because 
the Traffic cafe gory externality is sign  /Icant.  Even if the number of  car/train  accidents 
increases in proportion lo the train traffic volume, the externality may be substantial. Given 
the relatively large number of non-user fatalities we expect a relatively high external accident 
cost on railways." 

The above statement is in slight contradiction with the theory, which does not consider risk- 
taking situations different between an accident in one mode and an accident involving two 
modes. If the deliberate risk-taking of a motorist leads to an accident with a train, the accident 
cost is not external to a full extent and should not be assigned to the rail mode. This is also in 
line with the legal interpretation. 

On the other hand,  UIC  (1999) states that statistical accident risks are so small that rational 
assessment of risk is impossible. For this reason, all accident costs, including lost well-being 
of the individual, are considered external. However, counter-arguments may be proposed. 
Risk-taking, for example, in level crossings and on the track line cannot be considered beyond 
rational perception. 

The external marginal cost resulting from the realisation of accident risk consists of four 
generalised categories  (Elvik,  1994):  
•  System externalities  -  the expected accident cost to the society when the user exposes 

himself to risk  
•  Physical externalities  -  the expected accident cost to other road users due to risk  
•  Traffic volume externalities  -  the  WTP  of a household, relatives and friends and the 

society associated with the increase in risk to other users of the same  mode 3  

The inclusion of altruistic values in accident risk based WTP is an issue of debate, not yet solved. Some 
researchers exclude altruistic concerns due to the possibility of double counting (See e.g. Jones-Lee, 1992). 
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income compensations and compensations for pain and suffering). Thus, the cost coverage of 
the Finnish insurance system is more extensive than in general in other European countries.  
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3 MODELS FOR COSTING RAILWAY ACCIDENTS 

3. 1 The Swedish model  

Hansson  (1997) presents a model on the categories and estimates of external accident costs in 
railway accidents involving personal injuries. The model is applied in decision-making and 
pricing by the Swedish rail administrator (Table 3.1). The outcome of the model,  i.e.  accident 
cost component in the track-access charge is subject to the treatment of lost well-being in 
level crossing accidents and accidents occurring on the track line. 

The model assesses all accidents that occur on the track line and lead to personal injuries in 
three categories of severity. Accidents are further categorized according to the characteristics 
of the incident. Material damages are excluded since they are covered by insurances. 

Passengers and personnel on trains are considered to internalise the cost of personal risks in 
their decision to travel or work. Therefore, risk values (loss of personal well-being) of injuries 
are excluded in collision or derailing accidents without involvement of another mode. The 
remaining administrative and medical costs constitute the external costs in these accident 
categories. 

Accidents in level crossings are examined in two groups, with and without warning device. 
This reflects the difference in the exposure of risk. In the former, precautionary actions have 
been taken for signalling of risks. Therefore, if these signals are neglected, an accident is 
considered to be a result of the risk-taking behaviour of the road user, and the corresponding 
risk costs are considered internal for the respective party. 

On the other hand, in level crossings without warning signals the risk is considered imposed 
by the railways (since preventive actions were not maximized), and the risk costs along with 
administrative and medical costs of injuries are external. However, the external cost is 
allocated to both transport modes as a fifty-fifty split. This conduct is due to practical reasons, 
since explicit judgement on risk behaviour is evidently sometimes difficult. 

The costs of accidents occurring in platform areas and elsewhere on the track line are also 
considered external and the responsibility of the rail mode irrespective of the cause of the 
accident. 

The unit costs of personal injuries vary from country to another due to differences e.g. in coverage of cost 
inventory, as well as subjective valuation of risks. 



Er1  

Table 3.1. External costs of railway accidents in Sweden in 1995  (Hansson,  1997). 

External cost! personal Total external cost 
Accident type Number injury (MSEK) (MSEK) 
Passenger/em ployee*/* *  
-fatality 2 0.948 1.896  
-  serious injury 3 0.533 1.599  
-  slight injury 6 0.03 I 0.186 

Grade crossing accident 

With warning device  * * 
-  fatality 5 1.200  *  50% 3.000  
-  serious injury 6 0.600  *  50% 1.800  
-  slight injury 12 0.060  *  50  %  0.3 60 

Without warning device 
-fatality 3  14.200*50%  21.300  
-  serious injury 0 2.600  *  50  %  0 
-  slight injury 0 0.150  *  50  %  0 

Other accident 

Station area*  *  
-fatality 1 13.948 13.948  
-  serious injury 0 2.533 0 
-  slight injury 0 0.12 1 0 

Track line  * * 
-  fatality 7 13.948 97.636  
-  serious injury 1 2.533 2.533  
-  slight injury 2 0.121 0.242 

Total external cost 144.5 
Witnout risK  value.  

**  Without property damage. 

3.2 The Norwegian model 

In Norway, Hagen (1997) has prepared a framework for costing railway accidents in many 
respects similar to the Swedish framework, but with some alternative interpretations. The cost 
categories are presented in Table 3.2 and the statistical unit costs of personal injuries in Table 
3.3. The Norwegian inventory first assesses all costs and then separates the share of the 
external cost. The cost inventory of a personal injury consists of administrative and 
emergency costs, medical expenses and treatment cost, lost income and lost well-being.  
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Table 3.2. Cost categories of railway accidents in Norway (Hagen, 1997). 

Cost category Type of loss 
Personal injury  - 	Slight injury  

- 	Severe injury  
- 	Fatality 

Vehicle damage  (car/engine) - 	Slight damage  
- 	Considerable damage 

Infrastructure property damage  - 	Damage to switches  
- 	Track damage  
- 	Derailing 

Indirect cost  - 	Delay cost of passenger train  
- 	Delay cost of freight train  
- 	Delay cost of bus or taxi  
- 	Motor vehicle damage in level crossing accident 

Table 3.3. Average accident cost by category and type of loss in Norway, with the share of 
external cost in parenthesis, million  NOK  in 1995 (Hagen, 1997).  

Accident type 
___________________ 	Damage_category ____________________  

Fata lity* Injury Material damage 
Collision 8.40 (0.16) 
Derailing 3.03 (1.11) 0.44(0.016) 
Grade crossing accident 16.06 (16.03) 2.15 (2.03) 0.21 (0.020) 
Fire 0.06 (0.003) 
Other accident 16.02 (8.15) 1.35 (0.74) 0.25 (0.016)  

inciuuing materiai aamage.  

External accident costs are defined according to the following principles:  

•  All personal injury costs borne by third parties are external,  i.e.  people hit by trains, 
excluding passengers and train personnel or railway workers.  

•  Most of the personal injury costs of train personnel and railway workers are internal. 
The external costs involved in these cases are the costs borne by private third parties, 
family of the victim and the public sector.  

•  All material damage costs are internal, except vehicle damages in level crossing 
accidents.  

•  20% of the traffic delay costs caused by accidents are considered external. 

In Table 3.3, the figures in parenthesis represent the shares of the external cost of all cost 
categories. The share of the external cost for personal injuries varies according to accident 
type and injury category. The highest external cost per accident type concerns level crossing 
accidents. The Norwegian model considers external costs to be present also in accidents 
without personal injuries,  i.e.  there are some external costs involved with material damages as 
well. The costs have been estimated as a statistical average for an accident cost inventory 
covering a sample of two years.  
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3.3 A comparison of the Swedish and Norwegian models 

The features of the Swedish and Norwegian models are next summarised, since they will be 
utilised in the proposal for a Finnish model in Section 5. Because the theory of marginal 
accident costs on the railways remains  un-established, both models partially apply 
interpretations on the principles of costing. 

The Swedish model 

The basic principles of the Swedish model are:  
•  The model defines accident costs on a categorical basis.  
•  For  forne  of the passengers and train personnel, the external accident cost consists 

only of the cost borne by the society. Personal loss of well-being (risk values) is 
considered an internal cost.  

•  Personal injuries are categorised by accident type and severity of injury.  
•  Level crossing accidents are divided into two categories: level crossings with and 

without warning device. In the former case, the costs of personal injuries are almost 
completely internal, whereas in the latter case they are completely external.  

•  In level crossings without warning device, the external accident cost is shared between 
the rail and the road mode (the principle is, however, not based on the theory).  

•  The costs of personal injuries elsewhere on the track line are considered as external. 

The Swedish model can be considered exemplary in the following respects:  
•  It is clear in the categorisation of internal and external costs of personal injuries.  
•  It separates level crossings according to risk  leve!.  This leads to the allocation of 

resources to decreasing risks there where the accident costs are likely to be highest. 

The Norwegian model 

The basic principles applied by the Norwegian model are:  
•  The model defines accident types and unit costs by statistical incidences. 

 •  Besides the costs of personal injuries, material damages are also included.  
•  The traffic delays caused by accidents are valued and partially considered external.  
•  The treatment of personal injuries to passengers and  trainlrailway  personnel is similar 

to the Swedish model,  i.e.  loss of personal well-being is an internal cost.  
•  All accidents leading to personal injuries on tracks are included irrespective of cause. 

The Norwegian model can be considered exemplary since it also considers the traffic delay 
costs of accidents. However, since the unit values are based on a short statistical sample, it 
may not be completely representative. Furthermore, the different risk levels at level crossings 
with different warning device are not recognised.  
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3.4 Other models  

UIC  (1999) treats the total socio-economic value of a personal injury as external cost, but 
reduced by compensation payments from insurance companies. As already stated before, the 
study considers accident risks so low that rational risk perception is impossible. However, no 
scientific arguments are stated to back up the assumption. On the other hand, for railway 
workers the loss of personal well-being is considered an internal cost. Referring further to the 
lack of established risk models in rail transport, the marginal costs of accidents are not 
assessed in the  UIC  study. 

In general, the simplified accident cost assessments on railways do not often separate between 
internal and external accident costs, nor consider risk levels, but the costs are assessed more 
or less ex post according to the total socio-economic loss and statistical traffic volume. Thus, 
the resulting cost figures represent more average socio-economic accident costs than marginal 
cost in definition, according to which costs should be assessed as ex ante accident realization 
relative to risk and future traffic performance. Such compromises are common. For example, 
this average cost principle has been used to define the accident cost component of the Finnish 
track access charge.  
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4 SAFETY ON FINNISH RAILWAYS 

4.1 Accident statistics 

A railway accident enters statistics when it leads to severe personal injuries or material costs 
to the value of EUR 10 000 (FIM 60 000). All level crossing accidents are, however, recorded 
irrespective of the degree of severity (Table 4.1). There are few incidences of accidents or risk 
situations involving transport of dangerous goods. The causes of collisions and derailing are 
investigated and recorded, as well as fires on rolling stock. 

Personal injuries are recorded for passengers, people intending to travel, accompanying 
people, and railway persotmel (including both train personnel, track workers and railway 
officials). A fatality is recorded when the victim dies within 30 days of the accident. Clear 
suicide cases are not recorded. A person is considered seriously injured if working capability 
is lost for more than 14 days. 

Table 4.1. Personal injuries in railway accidents (yR, 2000). 

______ 	Fatalities  ______  Severely injured 
Category 1996 1997 1998 1999 1996 1997 1998 1999 
Passengers 

- 	Train related accident 3 9 3 9  
- 	Other incident I 1 1 ______  2 ______  6 

Personnel 
- 	Train related accident I 
- Other incident 1 ________  5 1 4 

Other personal injuries 
- 	Level crossing accident 5 13  Il  10 3 6 2 4 
- Other track line 3 6 2 5 3 3 2 2 

Total 12 21 24 16 9 16 14 16 

4.2 Safety of the railway network 

The main means for improving safety of the rail network are removal of level crossings, 
installing different types of warning devices and traffic signs, and speed limits (Table 4.2). A 
number of level crossings without any of the above devices or signs exist. However, many of 
these involve crossings from a field to another, no road connection as such. Also, typical 
unmarked crossing are located in industrial yards. 

Entering tracks without permission in places not considered crossings, is prohibited by law. 
This applies to all track lines, as well as station and platform areas. Since access to the track 
line is not limited by, for example walls, it is impossible to enforce the law, and common 
behaviour provides evidence of deliberate risk-taking. 
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Table 4.2. The number of level crossings and warning devices on the Finnish rail network 
 (yR,  1998 and  Ratahallintokeskus,  1998a). 

Part of the network Number 
Total network  (mcl.  industrial track lines) 5 283  
-Fullbar  3  
-  Semi bar 820  
-  Light and (or) sound warning signal 140 
-  Crossing s i gn * 3 225  
-  No crossing sign 1 095 
Total main track lines 527  
-  With warning device 204 
-  Without warning device 323  

Utten  both crossing sign and stop sign. 

The number of level crossings has been significantly reduced from almost 8 000 to 5 000 
since the 1970's. Also, the number of bar devices is now many-fold. As a result, the number 
of annual level crossing accidents has been reduced from approximately 170 to less than 50. 
Only a fraction involves personal injuries. (Ratahallintokeskus, I 999a) 

During the year 2000 the Finnish Railway Administration has conducted a pilot inventory of 
level crossings on a particular link for finding measures to improve safety. Emphasis has been 
put on reducing the number of risky crossings on private roads and in agricultural areas, 
improving visual circumstances and guaranteeing safe crossing time for vehicles of different 
sizes and weights. New types of warning devices and practices have been developed. 

Automated train control is constructed ahead of schedule on links with fast passenger 
transport. The automated train control monitors and controls maximum trains speeds and the 
compliance of traffic signs. Speeding and un-compliance leads to automatic breaking. By the 
end of 1999, the automated train control covered 1180 kilometres of track. In addition, train 
movement in railway yards is controlled at some stations. The aim is to supply the main trunk 
lines with automated control during 2001 and the whole network by the end of 2005 
(Ratahallintokeskus, 1 999b). 

In transport of dangerous goods, international standards and regulation are followed in order 
to minimize risks. Accident risks mainly involve car switching in yards. Any measure to 
improve railway safety in general reduces the risks of accidents in transport of dangerous 
goods. (Ratahallintokeskus, 2000) 
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5 APPLICATION OF ACCIDENT COSTING IN FINLAND 

5.1 The framework for cost division 

The proposed Finnish framework applies both the Swedish and Norwegian examples and 
existing accident costing theory in defining cost categories and dividing them into internal 
and external elements (Table 5.1). Thus, the outcome is a synthesis of applications and theory, 
supplemented with some interpretation.  Tt  primarily focuses on personal injuries, but material 
damages and accidents during transport of dangerous goods are also included. Besides 
dividing the internal and external cost categories, the justifiable allocation of costs is also 
considered. Since the existing theory is not completely established, some 'grey areas' are 
solved by interpretation. Therefore, the framework will differ to some extent from other 
Nordic models. 

The principle of separating the assessment of level crossing accidents according to risk level 
is adopted from the Swedish model. The assessment of traffic delays is adopted from Norway. 
The division of internal and external cost elements is partly based on the Nordic models, but 
also interpretation is applied. Some accident types are excluded from the framework if they 
can be attributed to deliberate risk-taking by walking on the track line. 

In categorising the internal and external costs of lost well-being (risk value), the principle is 
awareness of risks as part of travelling or working for the rail transport sector, i.e. the choices 
to travel and work internalize the costs of risk. Furthermore, in accidents in level crossings 
with (ignored) warning device, lost well-being is considered an internal cost due to risk-taking 
behaviour. Since in level crossings without warning device even risk-averse behaviour may 
not prevent an accident, lost well-being (risk value) is considered an external cost. 

Falling accidents in platform areas or from moving trains occur to passengers, people 
intending to travel or accompanying persons. According to theory, the accident risks of the 
first two groups are internalised in their decisions to travel. However, it should be examined 
whether unperceived risks are present, i.e. the ones that the track manager or rail operator 
should be responsible for. These include, for example, open doors on moving trains and 
slippery platforms. 

The external accident costs borne by the society are present in the form of emergency, 
administrative and delay costs, as well as lost production in all accident types. However, they 
cannot be allocated to the railways in all cases. These cases include accidents in level crossing 
with warning device, and pedestrians, cyclists and vehicles being hit by trains on the 
forbidden track line (level crossing area not considered). For non-motorised modes of 
transport, there is no established category to which costs can be allocated. Otherwise, cost 
responsibility is either allocated to the road mode or left unallocated. 

The hospital and rehabilitation costs of accidents are covered in Finland by the Acts on strict 
liability and full cost responsibility, applied in the traffic and liability insurance systems. 
Thus, these costs should be considered internal, ln addition, the insurance system to a large 
extent compensates income losses and pain and suffering. Therefore, such accident costs 
should not be included in infrastructure user charges. 



23
 

Ta
bl

e 
5.

1.
 P

ro
po

se
d 

di
vi

si
on

 o
f i

nt
er

na
l a

nd
 e

xt
er

na
l a

cc
id

en
t c

os
ts

 o
f r

ai
lw

ay
 a

cc
id

en
ts

. 

A
cc

id
en

t t
yp

e 
In

te
rn

al
 c

os
t 

E
xt

er
na

l c
os

t 
A

llo
ca

tio
n 

of
 c

os
t r

es
po

ns
ib

ili
ty

 fo
r 

__
__

__
__

__
__

__
__

__
__

__
__

__
__

  
ex

te
rn

al
 c

os
ts

 
Pa

ss
en

ge
r/

ra
ilw

ay
  e

m
pl

oy
ee

 
-
  p

er
so

na
l r

isk
 v

al
ue

  
-
  e

m
er

ge
nc

y 
an

d 
ad

m
in

ist
ra

tiv
e 

co
sts

  
-
  ra

ilw
ay

s (
un

le
ss

 a
cc

id
en

t i
s c

au
se

d 
by

  
-
  h

os
pi

ta
l t

re
at

m
en

t, 
re

ha
bi

lit
at

io
n,

 in
co

m
e  

-
  lo

st 
pr

od
uc

tio
n 

ot
he

r t
ra

ffi
c 

m
od

es
) 

tra
ns

fe
rs

  
-
  d

el
ay

 to
 o

th
er

 tr
af

fic
 

L
ev

el
 c

ro
ss

in
g,

 p
er

so
na

l 
in

j  u
 ry

 

-
  W

ith
 w

ar
ni

ng
 d

ev
ic

e  
-
  p

er
so

na
l r

isk
 v

al
ue

  
-
  ro

ad
 tr

af
fic

 p
ar

ty
 in

 le
ve

l c
ro

ss
in

gs
 

w
ith

 w
ar

ni
ng

 d
ev

ic
e  

-
  W

ith
ou

t w
ar

ni
ng

 d
ev

ic
e  

-
  p

er
so

na
l r

isk
 v

al
ue

, i
f r

isk
 o

f c
ro

ss
in

g  
-
  p

er
so

na
l r

isk
 v

al
ue

, i
f t

he
 p

os
sib

ili
ty

 to
 c

ro
ss

 
tra

ck
 is

 lo
w

 
tra

ck
s i

s n
ot

 ri
sk

 fr
ee

  

-
  W

ith
ou

t w
ar

ni
ng

 d
ev

ic
e 

or
  

-
  p

er
so

na
l r

isk
 v

al
ue

, i
f r

isk
 o

f c
ro

ss
in

g  
-
  p

er
so

na
l r

isk
 v

al
ue

, i
f t

he
 p

os
sib

ili
ty

 to
 c

ro
ss

  
-
  ra

il 
an

d 
ro

ad
 tr

an
sp

or
t t

og
et

he
r i

n 
si

gn
 

tra
ck

 is
 lo

w
 

tra
ck

s i
s n

ot
 ri

sk
 fr

ee
 

le
ve

l c
ro

ss
in

gs
 w

ith
ou

t w
ar

ni
ng

 d
ev

ic
e 

A
ll 

ca
se

s 
A

ll 
ca

se
s  

-
  h

os
pi

ta
l t

re
at

m
en

t, 
re

ha
bi

lit
at

io
n,

 in
co

m
e  

-
  e

m
er

ge
nc

y 
an

d 
ad

m
in

ist
ra

tiv
e 

co
sts

 
tra

ns
fe

rs
  

-
  lo

st 
pr

od
uc

tio
n  

-
  d

el
ay

 to
 o

th
er

 tr
af

fic
 

O
th

er
 p

er
so

na
l i

nj
ur

y 

-
  F

al
lin

g 
on

 p
la

tfo
rm

  o
rf

ro
m

 
-
  h

os
pi

ta
l t

re
at

m
en

t, 
re

ha
bi

lit
at

io
n,

 in
co

m
e  

-
  p

er
so

na
l r

isk
 v

al
ue

  
-
  ra

ilw
ay

s 
m

ov
in

g 
tr

ai
n 

tra
ns

fe
rs

  

-
  C

ro
ss

in
g 

fo
rb

id
de

n 
tr

ac
k  

-
  p

er
so

na
l r

isk
 v

al
ue

 
A

ll 
ca

se
s 

lin
e 

(s
ta

tio
n 

ar
ea

 o
r o

th
er

  
-
  e

m
er

ge
nc

y 
an

d 
ad

m
in

ist
ra

tiv
e 

co
sts

  
-
  n

o 
al

lo
ca

tio
n 

w
ith

in
 th

e 
tra

ns
po

rt 
tr

ac
k 

lin
e)

  
-
  lo

st 
pr

od
uc

tio
n 

se
ct

or
  

-
  d

el
ay

 to
 o

th
er

 tr
af

fic
 

Pr
op

er
ty

 d
am

ag
e (

ve
hi

cl
es

  
-
  m

at
er

ia
l d

am
ag

e 
to

 ro
ad

 tr
af

fic
 p

ar
ty

, t
ra

ck
  

-
  e

m
er

ge
nc

y 
an

d 
ad

m
in

ist
ra

tiv
e 

co
sts

  
-
  ra

ilw
ay

s 
an

d 
in

fra
str

uc
tu

re
) 

m
an

ag
er

 a
nd

 o
pe

ra
to

r  
-
  d

el
ay

 to
 o

th
er

 tr
af

fic
 

T
ra

ns
po

rt
 o

f d
an

ge
ro

us
 

-
  m

at
er

ia
l d

am
ag

e 
to

 tr
ac

k 
m

an
ag

er
 a

nd
  

-
  e

nv
iro

nm
en

ta
l a

cc
id

en
t c

os
ts 

 
-
  ra

ilw
ay

s 
go

od
s 

op
er

at
or

  
-
  e

m
er

ge
nc

y 
an

d 
ac

ci
de

nt
 c

os
ts 

 

-
  d

el
ay

 to
 o

th
er

 tr
af

fic
  



5.2 Division of costs by accident type 

The external accident costs (of personal injuries) allocated to the railway sector are presented 
in Table 5.2. The values are based on the socio-economic unit costs of personal injuries 
presented in Table 2.1, and the principles of cost allocation from Table 5.1. Since the socio-
economic unit values have been defined from a different perspective than the theory of 
accident costing exactly expects, they need to be further refined into marginal accident costs 
by applying accident risk models. There are no unit values defined for delay costs, and they 
are therefore recommended for future examination. Next, the cost allocations are discussed in 
closer detail. 

Table 5.2. External unit cost ofpersonal injury in railway accidents, FJM. 

Accident type Temporary Temporary Permanent Fatality  
_______________________  slight injury severe injury injury  ______________ 
Passenger/employee  24 500 35100 1 491 400 2 548 800 
Level crossing accident 

-  with warning  dcv  ice*  - - - - 

-  without warning device 274 500 1 485 100 4 808 000 11 258 800 
(-  insurance  (-  insurance  (-  insurance (full va l ue)**** 

compensations) compensations) compensations) 

Other personal injury 

-  platform  area/moving  275 500 1 485 100 4 808 800 11 258 800 
train  (-  insurance  (-  insurance  (-  insurance (full value) 

compensations) compensations) compensations)  * * * * 

-  other track line**  - - - -  

cost  responsiotiity  on  tne roaci trarnc  party.  
**  Cost responsibility not defined, but not allocated to the railway sector. 

Insurance compensations based on lost income and pain and suffering are deducted from the risk value of 
non-fatal injuries.  
'"  Insurance payments are not deducted from the risk value of a fatality, since they are paid to the dependants 

of the victim.  

Passenger/employee  

The lost well-being (risk value) of the passengers and people employed on railways are 
considered internal costs, since according to theory, the decision to travel or work on railways 
internalises the risks involved. On the other hand, the direct emergency and administrative 
costs and lost production are external costs borne by the society. 

24 

In Finland, the strict full cost responsibility applied within traffic and liability insurance 
systems covers at least most of hospital and rehabilitation costs. Thus, these accident costs are  
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also internal. As stated above, the direct costs to the society in emergency activities, 
administration, and accident investigation and reporting are accounted external costs. 

If the cause of the accident can be attributed to the track manager or the operator, the 
responsibility for the external costs is allocated to the railway sector. 

Personal injuries in level crossing accidents 

It is recommended that level crossing accidents are categorised by the existence/non-existence 
of warning device in the crossing. In this way, a clear separation according to risk levels and 
signalling for risk is made. 

If an accident occurs in a crossing with warning device, the road transport party is considered 
a risk taker. Thus, the lost well-being (risk value) is an internal cost. The direct costs to the 
society in emergency activities, administration, and accident investigation and reporting are 
accounted external costs. However, the responsibility of these costs is allocated to the road 
transport sector. 

If crossing the railway at a level crossing is not possible without risk (no warning device), the 
following conduct is possible: 

a) The total unit cost of personal injury is allocated to the railway operator as an external 
cost, reduced by compensations covered by insurances. 

b) External accident costs are acknowledged, but are not assigned to the operator. 

c) The cost responsibility of the acknowledged external cost is shared between the rail 
and road transport sectors, reduced by compensations covered by insurances. 

Allocating cost responsibility to the railway sector can be argued by the expectation of 
ensuring safe passage at level crossings. There may be cases in which train speeds together 
with the characteristics of the crossing (and weather) do not guarantee safe crossing. The 
party crossing the tracks may not always have the possibility to perceive risks, e.g. if visibility 
is limited and safe crossing time is very short. Thus, it can be expected that it is the joint 
responsibility of the track manager and the operator to minimize, if not completely eliminate, 
risks. Allocation of at least partial cost responsibility to the rail mode will provide an 
incentive for risk reducing actions. 

It is perverse to charge the operator the risks that it cannot reduce with the means at hand. 
However, accidents are without doubt dependent on the volume and speed of rail operations. 
Therefore, an adjusted approach of sharing cost responsibility with the road mode is 
recommended. The simplest way of allocation is an even split following the Swedish model. 
Another more sophisticated alternative is to apply a relative accident risk model considering 
traffic volumes of the both modes. 

In level crossing accidents, the road traffic party covers all hospital, rehabilitation costs as 
well as compensations for lost income from traffic insurances, irrespective whether injuries 
occur to train passengers or personnel. In addition, the material damages to trains are covered. 
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These compensations should be considered already covered. However, careful assessment is 
needed, since the deduction process must be performed by injury type. Insurance coverage of 
lost income should be deducted only from the value corresponding to the value of lost income 
and human well-being (risk value) for non-fatal personal injuries. The compensations paid to 
the dependents of fatal victims must not be deducted from risk values of fatalities, since the 
value has been defined for the individual, not considering the victim's family. The 
compensations paid to the society for covering the costs of hospital treatment and 
rehabilitation cannot be deducted from any cost item, since they are deficiently represented in 
the socio-economic unit cost of personal injuries. Although the exact statistical compensations 
paid to accident victims are not assessed here, it is recommended that they be assessed later 
prior to setting accident charges to the rail operator. 

Personal injuries in platform areas or on the track line 

As above, it is recommended that accidents be categorised according to the risk characteristics 
of the incident. Personal injuries on platforms typically involve slipping onto tracks from the 
platform or moving train. Another typical case of accident to pedestrians is when people are 
hit by trains on the track line in sections not marked as crossings. 6  

In principle, it can be expected that being hit by trains on platforms or falling from moving 
trains can be prevented by precautionary actions. Thus, the costs of such accidents are 
considered external and allocated to the railway sector, unless the cause of an accident in this 
category can be attributed to deliberate risk-taking by the victim. Again, this conduct will 
provide an incentive to risk reducing actions. Yet, the consideration of the responsibility 
being either at the track manager or the operator is troublesome, since if the responsibility is 
allocated to the operator, charges may perhaps be levied based on incidents which the 
operator may not have means of preventing. Nevertheless, as the risks are directly related to 
railway operation, the costs are considered an externality and allocated to the railway sector. 

On the other hand, a person entering a forbidden track line in a place not marked as a crossing 
refers to deliberate risk-taking. Thus, the loss of well-being (risk value) in such an accident is 
an internal cost. Yet, the costs borne by the society are external, since the victim does not 
cover them by any mechanism. In the likely case that the track manager or operator caimot be 
considered responsible for the accident, the costs are not allocated to any party (i.e. ultimately 
borne by the society). 

Accidents during transport of dangerous goods 

An external accident cost involves an incident where environmental damage costs occur. 
External costs are present if the accident results in personal injuries, or costs occur to society 
in the form of emergency and administrative actions. 

6  Clear suicide cases are not included in railway accident statistics. In some cases the actual cause of such an 
accident is impossible to be established, although circumstances refer to suicide.  



Material damage 

Risks of damage to vehicles are internalised in the choice to travel or operate vehicles, the 
realisation of which is then covered by insurances. This interpretation applies to both the 
victim and the guilty party of an accident, as well as the property of the infrastructure 
manager (although state property is not insured). In any case, the costs of material damages to 
vehicles and infrastructure property involved in accidents are excluded from the assessment. 

5.3 Considerations 

Computation of external accident costs 

The external accident costs can be computed in two alternative ways:  

•  By expected risks  -  ex ante, or  
•  By past statistics  -  ex post. 

The former approach is closer to the theory of marginal cost pricing, but mathematically more 
challenging. It requires accident statistics and risk models, the outcome of which may perhaps 
be later adjusted according to actual realisation. The latter approach is simple 
methodologically although it is based on past information (past traffic behaviour), which is 
less consistent with the presentation of the theory of expected future risk (future traffic 
behaviour). 

The Swedish railway administrator applies the following model to forecasting the risks of 
level crossing accidents: 

R = (Qi * Qv/TFPinedel) *f(sth) * Onif  where 

R 	 =  relative risk,  i.e.  number of accidents per year, 
Qt 	=  average rail traffic volume per day, 
Qv 	=  average daily traffic of motor vehicles and non-motorised transport modes,  
TFPinedel 	=  average produce of the traffic volumes per type of warning device,  
f'Sth) 	=  accident factor, by maximum train speed and type of warning device,  
Oinf 	=  average accident probability by type of warning device. 

The model recognises the main influencing risk factors,  i.e.  traffic volumes and speeds, and 
the warning equipment in crossings. The model will tell how accident risks change if any of 
the influencing factors changed. 

The costs to be covered in accident charging 

The European Commission has emphasised the role of the insurance system in charging 
external accident costs. In Finland, the coverage of the hospital and rehabilitation costs, as 
well as compensations for lost income and grief and suffering by insurances is already in use 
to a large extent (although the insurance system does not charge exactly according to marginal 
cost). However, it is unlikely that the insurance system will consider in the near future, if 
ever, lost national production and lost human well-being as costs to be included in insurance  



premiums. Thus, the charging system of the infrastructure manager is the likely instrument of 
charging these costs. 

Development of calculation  nielhods  

In the future, level crossings without warning device should be provided with accident risk 
models, as well as traffic elsewhere on the track line. 

It is also necessary to clarify the role of the compensations paid by insurance companies, and 
how they should be considered in setting charges on the remaining external accident costs. 
Some of the compensation payments may be long lasting, and require computation for 
defining average sums for a set of compensation categories. This, however, has no significant 
implication on treatment and rehabilitation costs, since in practice the socio-economic 
accident cost inventory available in Finland does not cover such costs. Instead, the 
compensations for lost income and pain and suffering should be assessed for non-fatal injuries 
and deducted from corresponding cost elements in the unit value of personal injury. Yet, the 
compensations paid to the families of fatal victims have no implications on assessing external 
accident costs. 

The delays caused by accidents to other transport should be included in the costing of 
accident externalities. Thus, it is recommended that these costs be examined further in the 
future.  
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6 IMPACTS ON TRACK CHARGING 

6.1 Current track access charge 

Basic principles of levying the charge 

The principles of levying track access charges were first adopted in 1996, based on a 
particular law on supplying track  services7  as well as principles of the economic theory on 
infrastructure charging  (Suvanto,  1999). 

The law regulating the Finnish rail network states, among other things, that  
•  The principles of levying track access charges must take into consideration the socio-

economic impacts of rail transport, and  
•  Rail transport should not be burdened with higher charges than the prevailing socio-

economic cost recovery of competing transport modes. 

The underlying principles led to establishing a two-part charge with a fixed and variable 
element. The variable charge covers the socio-economic variable (marginal) costs of rail 
transport, and the fixed part is based on the fixed costs of track maintenance. The process of 
setting the variable charge covers four phases. The first phase assesses the maintenance, 
emission and accident costs variable to traffic volume separately for passenger and freight 
trains (Table 6.1). 

Table 6.1. Variable costs of rail transport in 1997, million FJM  (Suvanto,  1999). 

Cost item Passenger trains Freight trains Total 
Track maintenance 75.4 176.6 252.0 
Accidents 20.8 10.2 31.0 
Emissions 25.6 60.3 85.9 
Total 121.8 247.1 368.9 

In the second phase, these socio-economic variable (marginal) costs of rail transport are 
adjusted in comparison with the corresponding cost recovery ratios of bus and freight 
transport on roads. For 1997, it was assumed that bus transport covers 78% and heavy goods 
vehicles 75% of their variable socio-economic costs. Thus, the total variable charge would be 

 FIM  95.1 million for passenger rail transport and  FIM  185.3 million for freight transport. In 
the third phase, the fuel and electricity taxes paid by the operator are deducted from the above 
sums (Table 6.2).  

Suomen säädöskokoelma  2 1/95.  Laki valtion  rataverkosta, radanpidostaja rataverkon  käytöstä.  
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Table 6.2. "Equalisation" of variable transport costs in 1997, million  FIM  (Suvanto,  1999).  

_______________________________  Passenger trains Freight trains Total 
Variable (marginal) costs as 
adjusted with the corresponding 
costs of bus and  HGV  transport  

95.1 

_________________ 

185.3 

_________________ 

280.3 

____________  
Deduction of energy taxes 12.9 21.3 34.2 
Remaining cost to be charged 82.2 164.0 246.3 

In the fourth phase, the above sums are divided by the supposed annual performance of 
passenger and freight trains (in gross ton kilometre), which yields the variable charge 

 FIM/unit  of performance. The variable charge is equal on all parts of the network and for all 
types of vehicle equipment. The total share of all external costs in the track access charge has 
added up to 30% of the charge. 

The principles of levying the track access charge have never been officially published. 
However, the new directive on infrastructure charging on railways defines the principles of 
charging, and expects that the track manager would prepare a track statement on the principles 
and charges applied to the Finnish network. 

Accident costs in the track access charge 

The accident charges levied up to now are based on principles set out in a study by  VATT 
 (Liikenneministeriö,  1995). Accident costs are estimated based on a five-year statistical 

average, and they are allocated separately to passenger and freight transport according to the 
ratio of fatal to non-fatal injuries occurred. 

In Finland, the Ministry of Transport and Communications together with the Finnish National 
Road Administration and the Finnish Railway Administration have defined unit costs for 
personal injuries in road traffic accidents. These cost estimates consist of some real economic 
costs and expenditure, lost production as well as the value of lost well-being. The latter cost 
element is now estimated based on subjective individual willingness to pay for risk 
reductions. 

The lost well-being of a non-guilty party is considered an external cost. The lost well-being of 
the guilty party is considered an internal cost. The costs of personal injuries to railway 
workers and injuries to road traffic parties in level crossing accidents are excluded from the 
assessment. Injuries to train personnel are considered internal to the transport mode, and 
injuries to road traffic parties are considered road traffic accidents. 

A train has never been judged guilty for a level crossing accident or running over people on 
the track line. Therefore, the victims are not considered to be the responsibility of the rail 
sector, and costs of lost well-being are not considered. Instead, the lost well-being of injured 
train passengers are included in the accident cost as external to the rail mode.  
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6.2 Impacts of the proposed model on the track access charge 

The proposed new division of internal and external cost components will change the 
categorisation of costs and the level of the accident component in the track access charge. In 
some cases, the rail sector will be released of cost responsibility, whereas in some other cases 
cost responsibility will be increased or shared with the road mode. 

Besides the new principles, the accident charge will also rise due to the recently revised 
(internal and external) unit costs of personal injuries. The final impact on the accident charge 
is known only after accident statistics have been examined by categorising the severity of 
non-fatal injuries, after the principle of cost division with the road mode in level crossing 
accidents without warning device has been agreed upon, and after the insurance 
compensations to be deducted from the external cost components of non-fatal injuries have 
been assessed. The recommendation is that these issues are considered prior to redefining 
accident costs in track access charges. 

Applying these principles will attract attention there where uncovered external accident costs 
are highest. According to statistics, it is likely that cost are high for accidents occurring in 
level crossings without warning device. On the other hand, serious derailing accidents have 
taken place in the late 1990s.  
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7 CONCLUSIONS 

The report presents a theoretical framework on the categorisation and estimation of internal 
and external costs of the most significant accident types leading to personal injury in rail 
transport. Besides personal injuries, accidents in transport of dangerous goods are considered. 
Also, a proposal for the allocation of cost responsibility is presented. 

There are not many established models for assessing the internal and external accident costs 
of rail transport. The Swedish and Norwegian models are among the few. They mainly follow 
the principles of accident costing theory, but also apply independent choices. On the other 
hand, the theory of accident costing is not very established either. The framework presented 
here is a synthesis of the above models, but it also solves some theoretically grey areas by 
reasoning. 

Since the division of internal and external costs is dependent on the type of the accident, it is 
recommended that accidents be categorised. Accident categories include: 

a) Derailing and collision on railways, leading to personal injuries to passengers or train 
personnel, 

b) Level crossing accident with and without warning device, leading to injuries to the 
road transport party, train passengers or train personnel, 

c) Accident leading to personal injury in platform areas or falling from a moving train, 
and 

d) A personal injury on the forbidden track line. 

In providing a monetary value for personal injuries, the recently redefined socio-economic 
unit costs of personal injuries in road traffic accidents are applied. Thus, the cost categories of 
administration, lost national product and well-being are either internal or external costs, 
depending on the accident type. 

External accident costs are always involved in personal injuries, at least in the form of 
treatment and rehabilitation costs, as well as lost income and production. However, the first 
three cost items are covered in Finland either by road traffic or liability insurances of the 
operator. Therefore, they should not be charged to the operator. 

The core criteria for separating between internal and external costs is the relationship of 
imposing risk and being imposed, and the awareness of risks in typical accident situations and 
travel in general. According to the theory, passengers, other travellers, and train personnel 
consider the risks involved in the choice to travel and work on the railways or on roads. In 
these cases, the risk value (value of personal well-being) included in the cost of personal 
injury is considered an internal cost. The remaining external costs involve emergency and 
administrative costs and lost national product. This interpretation applies to derailing and 
collision accidents within the railways. 

When the responsibility of imposing risk is strongly at the rail mode, the cost responsibility 
(for the identified external cost elements) is also allocated to the rail mode. If the risk taker is 
some other mode of transport, the cost responsibility is not allocated to the rail mode. There 
also are situations where sharing the cost responsibility is recommended.  



33 

The cost responsibility of the rail mode is either partial or total, when: 

a) Accidents occur within the rail mode, 
b) Accidents occur in level crossings without warning device and 
c) Accidents occur by falling from platforms or moving trains. 

The costs of accidents occurring to people walking on the forbidden track line (in other places 
than marked crossings) are not allocated to the rail mode, since the accident is considered to 
result from deliberate risk-taking. 

The presented framework considers three accident categories, in which the responsibility of 
external costs should be allocated to the rail mode. The first is an accident in level crossings 
without warning device (bars, light or sound warning), the second is falling from a platform, 
and the third is falling from a moving train. In these cases it is assumed that the individual has 
not been able to prevent the accident by taking precautions. Thus, the total socio-economic 
value of a personal injury is the external cost. In the case of level crossing accident with no 
warning device present, it is recommended that the external cost be shared with the road 
mode, since risk-taking behaviour is also assumed to occur there in some cases. 

The risk values of non-fatal injuries should in principle be deducted from compensations (lost 
income, rehabilitation, pain and suffering) covered by the insurance system. Since such an 
inventory was not possible within this study, it is recommended that it be conducted prior to 
defining the accident costs charged to the rail operator. 

Theoretically correct marginal accident costs have not been defined anywhere in Europe, so 
far, taking into consideration risk relationships by the volume of traffic and between different 
transport modes and vehicle types. Unless such risk assessment is performed in Finland, 
average costing should be used. However, it seems possible that level crossing accidents can 
be forecasted according to the theory. 

Railway accidents cause delays to transport, and also possibly environmental costs. These 
external costs should be considered in the future. 

The framework presented does not impact track access charges dramatically, although the 
level of charges may rise. Instead, the impact of the framework is greater on separating 
between the situations where the railways have a stronger cost responsibility and where it is 
released of cost responsibility. A greater pressure on accident cost charging is due to the 
recently revised (raised) socio-economic unit values of personal injuries. It is likely that 
accident risks at level crossings without warning device will draw greater attention in the 
future, which corresponds to an incentive process arising from economic theory of 
infrastructure charging. 

Accident costing and charging are currently being developed in national and international 
European research projects. Therefore, proposals for a common conduct are likely to appear. 
The framework presented here already follows the underlying theory. Other transport modes, 
the road mode in particular, should follow this process and develop similar principles.  
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