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Introduction

Maritime transport is considered a safe mode of transport. Nevertheless, a number of horrifying accidents have occurred the last decade (e.g. Estonia), which makes the accident risk real. In Sweden, a charging scheme exists in the maritime sector. The charge is based on the infrastructure cost and includes environmental differentiations. However, accident cost is not included. The question is, does a marginal external accident cost exist in the maritime sector and if so, is it relevant to include it in a distance based charging scheme?

We define five categories of ships; fishing vessel which needs licenses (above 5 metre), passenger ships including ‘road-ferries’, tanker for oil, gas and chemicals
, ship for transport of dry cargo (bulk) including ro-ro, car- and container ship and other ships including barges, working platforms and ice breakers. Nine types of accidents are defined; fire, the ship running aground, collision with bridges pier etc, collision between ships, leakage, engine failure and personal injury, including illness which in some tables are presented separately, and oil spill discharge.

A qualitative study is carried out on a detailed database of all accidents with Swedish ships on Swedish water during 1998. The statistics includes around 140 such reported accidents. The limitation to Swedish ships is because we need to know the number of ships, to be able to estimate a risk per ship. In addition, accidents occur for foreign ships on Swedish water (59 reported accidents in 1998) and of Swedish ships on other water (36 accidents). The table below summarise the Maritime accidents with commercial ships on Swedish water 1998. 

Table 1: Accidents on Swedish water involving Swedish and foreign ships 1998

	Swedish Ships
	Fire
	Aground
	Collision w. other
	Collision w. ship
	Leakage
	Engine failure
	Personal injury
	Dis-

charge
	Other
	TOTAL

	Fishing-vessel
	3
	9
	1
	1
	6
	5
	1
	0
	
	26

	Passenger ship
	10
	24
	10
	6
	3
	7
	9
	1
	1
	71

	Tanker
	2
	3
	0
	4
	0
	0
	1
	1
	
	11

	Bulk
	1
	4
	4
	2
	0
	2
	1
	1
	1
	16

	Other
	
	4
	0
	2
	4
	2
	4
	
	2
	18

	TOTAL
	16
	44
	15
	15
	13
	16
	16
	3
	4
	142

	Foreign Ships
	
	
	
	
	
	
	
	
	
	

	Fishing vessel
	
	0
	1
	1
	
	
	1
	
	
	3

	Passenger ship
	2
	0
	3
	
	
	
	3
	1
	
	9

	Tanker
	
	1
	2
	2
	
	1
	
	2
	
	8

	Bulk
	
	13
	4
	5
	
	4
	4
	1
	2
	33

	Other
	
	1
	1
	3
	
	
	1
	
	
	6

	TOTAL
	2
	15
	11
	11
	0
	5
	9
	4
	2
	59


Source: Maritime Administration database SOS.

The paper is organised as follows. Section 2 below presents shortly the current fairway charges in Sweden. Section 3 presents the theory of external marginal accident cost and section 4 discusses the accident risk. In section 5 the limits of compensation compared to the accident cost is examined and section 6 discuss the consequence for the fairway charges. Finally, section 7 offers some conclusions.

1 Fairway charges

Swedish charges for the provision of maritime infrastructure and services consist of two parts; (i) a charge based on gross tonnage (GT) introduced in January 1998, environmentally differentiated, and (ii) a part based on the amount of loaded/unloaded goods. The environmentally differentiation aims at establishing an incentive for ship owners to reduce emissions of sulphur and nitrogen oxides. The Swedish Maritime organisation is financed by the charges. The revenue from the fairway charge was 100.4 million € in 1998. 

The first charge (based on GT) is differentiated according to the certified emission levels of NOx per kWh for the ships’ machinery and the (two) levels of sulphur in the bunker. For ferries and other ships (not tankers) the charge is 3.40 SEK/GT (0.38 €/GT) if emissions of NOx are 2g/kWh or less. The charge increases linearly up to the level of 5 SEK/GT (0.56 €/GT) if emissions are 12 g/kWh or more. In addition, if a ship certifies that it is only using low bunker fuel, a reduction of 0.9 SEK/GT (0.10 €/GT) will be given. A maximum limit is set for other ships in such a way that the charge will not increase beyond 24 000 GT. Charges are not levied for ships of less than 400 GT. The charge is only levied at a maximum 18 times a year for passenger ferries and a maximum of 12 times a year for each individual cargo ship.

Before the introduction of the environmental differentiation, the charge was 3.60 SEK/GT (0.40 €/GT) for all ships. The new policy was introduced with a restriction to leave the total amount of charges unchanged. Restitution is given up to 40% of the cost of introducing the NOx reducing technology.

In addition, some harbours have introduced a differentiation of the charges according to the sulphur content of the fuel and NOx emissions (Sjöbris et.al. 1999 p.4). The revenues from harbour fees was approximately 389 million € in 1998, i.e. almost four times higher than the fairway charges. 

The fairway charging system is only aimed at financing the infrastructure cost with the additional aim to give incentives to improve the environmental performance. This means that the level of charges is below the marginal cost but the structure may be appropriate for environmental reasons. Accident cost has not been included in the charge.

2 Theory of external marginal cost

In this section we first presents the basic approach of external marginal cost (3.1), which then is extended to a discussion on liability (3.2).

2.1 Basic approach

The number of accidents where ships are involved (A), is a function of the traffic volume (Q) and other explanatory variables, including the traffic volume of other ships (1). Naturally, A should be seen as a vector representing different degree of severity, which also is the case for the cost components; willingness-to-pay of the involved user (a), ditto of relatives and friends (b) and system external cost (c), mainly medical costs paid by the social security system. The marginal cost (MC) with respect to the traffic volume of ships (Q) follows naturally from the total cost (TC) (2 and 3). Finally, we derive the external marginal cost as (4) where PMC is the private marginal cost already internalised by the captain/shipowner.
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We introduce r as the accident risk (5) and assume it may be affected by an increase in the volume of traffic of ships. This effect is conveniently written as a risk-elasticity (E) (6). 
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The marginal cost then takes the following simple form (7).
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However, a part of the cost is internalised by the captain/shipowner. We introduce θ as the share of total accident costs that is internalised by the captain/shipowner. The external marginal accident cost can be expressed as (8) 
.
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Assume first a single accident, where only one ship is involved. The compensation shipowner has to pay his customer is often limited. In such cases, he does not pay the whole accident cost (a+b) and θ has to be adjusted according to his actual cost. This means that it exists an externality in relation to his own customers.

2.2 Liability

The other source of externality is in collisions between two or more ships. We divide the users into two groups, the ship of the first group (A) is damaged and the second group (B) is the other part in the accident. Without any liability or limits of compensation, the owner of the damaged ship (A) will bear all costs (θ=1) and the other part (B) will not bear any cost (θ=0). The external marginal cost for each group is then:
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(10)
Under a negligence rule, the prevailing rule in Maritime traffic, a user of group B will not bear any cost as long as he is not responsible for the accident. He nevertheless will generate an externality equal to equation (10) above. If he is responsible, he will have to pay compensation in relation to his responsibility compared to shipowner A. We assume he will only compensate the other shipowner, and not the rest-of-society, with a share (α) of ship A’s accident cost. The expected compensation (α(a+b)) will be included in his private marginal cost and the external cost will decrease (11). At the same time, the compensation (α(a+b)) will reduce the expected cost of shipowner A; consequently user A’s external marginal cost will increase (12).

Responsible user B => 
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Compensated user A => 
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Assume for simplicity that we find the risk of collision accidents to be constant, i.e. the risk elasticity for each individual ship is –0.5 (see Lindberg 2001). If shipowner B pays half the accident cost (α=0.5) as a compensation to shipowner, A the only remaining externality is the cost for the rest of society (c).

3 The Swedish fleet and its accidents on Swedish water

The Swedish commercial maritime fleet consisted in 1998 of 5 371 registered ships. The largest group, 39%, was fishing vessels and especially small fishing vessels below 19 gross tonnage (GT) (33%). The second largest group is ‘other’ (31%). The third group is passenger ships with ¼ of the fleet. Most passenger ships are small ships and so-called ‘road-ferries’. The transporters of cargo, tankers and bulk ship, consist together only of 6% of the fleet.

Table 2: Registered Swedish ships by type and gross tonnage 1998

	Type/ GT
	-19
	20-99
	100-499
	500-999
	1000-4999
	5000-9999
	10000
	TOTAL

	Fishing vessel
	1777
	221
	107
	8
	
	
	
	2113

	Passenger ship
	642
	396
	225
	10
	4
	6
	17
	1300

	Tanker
	1
	23
	15
	5
	39
	23
	7
	113

	Bulk
	10
	41
	37
	3
	39
	11
	49
	190

	Other
	942
	413
	236
	33
	25
	5
	1
	1655

	TOTAL
	3372
	1094
	620
	59
	107
	45
	74
	5371


Source: Sjöfartsmeddelanden Nr 2 1999, p9

In 1998, 143 accidents involving Swedish ships on Swedish water were reported into the SOS database
. Most accidents were reported for fishing vessels (26) and passenger ships (72). Only 17 accidents were reported for bulk ships and 11 for tankers. 

Table 3: Reported Accidents by ship type and gross tonnage 1998

	Type / GT
	-19
	20-99
	100-499
	500-999
	1000-4999
	5000-9999
	10000
	na
	TOTAL

	Fishing vessel
	2
	11
	5
	0
	0
	0
	0
	8
	26

	Passenger ship
	2
	15
	29
	3
	1
	5
	17
	0
	72

	Tanker
	0
	1
	0
	1
	5
	3
	1
	0
	11

	Bulk
	0
	0
	0
	0
	13
	1
	3
	0
	17

	Other
	1
	6
	2
	1
	3
	0
	0
	4
	17

	TOTAL
	5
	33
	36
	5
	22
	9
	21
	12
	143


Source: Maritime Administrations database
The risk per registered ship is highest for the tankers and bulk ships. If we examine the risk by weight, an increasing risk with increasing weight can be observed. However, it should be noted that we examine registered accidents, i.e. the probability to report an accident may increase with ship size.

Table 4: Accident risk by ship type and gross tonnage 1998 (Acc/1000ships)

	Type / GT
	-19
	20-99
	100-499
	500-999
	1000-4999
	5000-9999
	10000
	TOTAL

	Fishing vessel
	1.1
	49.8
	46.7
	0.0
	0.0
	0.0
	0.0
	12.3

	Passenger ship
	3.1
	37.9
	128.9
	300.0
	250.0
	833.3
	1000.0
	55.4

	Tanker
	0.0
	43.5
	0.0
	200.0
	128.2
	130.4
	142.9
	97.3

	Bulk
	0.0
	0.0
	0.0
	0.0
	333.3
	90.9
	61.2
	89.5

	Other
	1.1
	14.5
	8.5
	30.3
	120.0
	0.0
	0.0
	10.3

	TOTAL
	1.5
	30.2
	58.1
	84.7
	205.6
	200.0
	283.8
	26.6


The fatality risk per registered ship is 1.9 killed person per 1 000 registered Swedish ships. Compared to road traffic the fatality risk per vehicle/ship is ten times higher in Maritime transport; in road transport 0.012 fatalities occurred per registered vehicle in 1998. However, the number of passenger per road vehicle is of course not comparable to the number of passengers in a ship. The COMMUTE project suggested the fatality risk per billion passenger kilometre for ferries in European water to be 3.3
, which is half of the risk in road transport. 

The fatality risk is nevertheless surprisingly high in maritime transport. In addition to the annual ten fatalities in commercial traffic, 33 fatalities occurred in pleasure boat traffic. It is an open question what this mean for the risk, as we have no information on the number of pleasure boats, which includes a substantial number of minor boats. 

Table 5: Accident risk in Maritime and road transport

	
	Fatality
	Vehicles
	Fatalities per 1000 vehicles
	Million passenger km (Mpkm)
	Fatalities per 1000 Mpkm

	Maritime
	10
	5 371
	1.9
	na
	3.3A

	Road
	531
	4 246 000
	0.1
	80 842
	6.6


Note A. Information from the COMMUTE project

In section 4.1 below all accidents with Swedish ships on Swedish water during 1998 is examined.

3.1 Qualitative survey of accidents

The theory of marginal cost was discussed in section 3 above. It was clear that to estimate a distance related marginal cost we need to find the relationship between the accident risk and the distance travelled. The data, summarised above, do not allow us to estimate such functions. 

Instead, we employ a qualitative method and survey all the reported accidents with Swedish ships on Swedish waters in 1998. For each accident, a report is written into the SOS-system (SjöOlycksSystemet). The report contains detailed information about the ships involved, type of accident, time and place, weather conditions and accident consequences.

The most common accident type is ship that runs aground (31%), followed by collision accidents with other things than ships (14%), fire (12%), engine failure (10%) and collision with other ships (10%). Around 11% were not maritime accidents but accidents where people got ill or were injured of other reasons. Around 2% were environmental accidents (discharge). In summary, 90% of the accidents where ‘single’ accidents.

The classified cause of the accidents where in 42% of the cases unspecified human failure, and 6% navigation errors and in two cases (1%) was the skipper influenced by alcohol. The second most common reason was engine failure (24%). Bad whether (strong wind or bad sight) was the cause behind 6% of the accidents. 

The gross tonnage of the average ship involved in a reported accident was 4 727 tonne and the ship was 27 years old. In 4% of the cases had the ship a pilot onboard. 

The type of water where the accident occurred was evenly distributed between open sea (19%), open coast (10%), inner coast (19%), narrow coast (17%), inland waterway including lakes (16%) and harbours (19%). However, 45% of the accidents occurred in some type of coastal area. Around half of the accidents occurred in the Baltic Sea.

Most of the accidents occurred in daytime with a relatively good sight distance (13 km) and low wind (6.6 m/s) and not rough sea (0.61 metre). However, collisions with other ships occurred more often when the sight distance was shorter (9.3 km). Accidents caused by the weather occurred in strong wind (20 m/s) and high seaway (5.2 m).

The most frequent consequence of the accident was hull damage (42%). In 7% was the consequence a leakage, but most of these accidents occurred as a primary leakage 

Table 6: Descriptive statistics of accidents with Swedish ships on Swedish water 1998.
	Accient type
	Fire
	Aground
	Coll.other
	Coll.ship
	Leackage
	Enginef.
	Personinj.
	Illness
	Discharge
	Weather
	Other
	TOTAL

	Accidents
	17
	45
	20
	14
	6
	15
	10
	7
	3
	3
	4
	144

	Type and number of ship

	Fishing vessel
	3
	9
	3
	1
	4
	5
	1
	0
	0
	0
	0
	26

	Pass. ship
	11
	24
	11
	5
	2
	6
	5
	5
	1
	1
	1
	72

	Tanker
	2
	3
	0
	3
	0
	0
	1
	0
	1
	1
	0
	11

	Bulk
	1
	5
	4
	3
	0
	2
	0
	1
	1
	0
	0
	17

	Other
	0
	4
	2
	2
	0
	2
	3
	1
	0
	1
	3
	18

	Cause of accident

	Engine failure
	8
	2
	5
	1
	3
	15
	
	
	
	
	
	34

	Construction
	
	
	
	
	1
	
	
	
	
	
	
	1

	Human
	4
	31
	10
	6
	
	
	6
	
	3
	1
	
	61

	Alcohol
	
	2
	
	
	
	
	
	
	
	
	
	2

	Navigation
	
	3
	
	5
	
	
	
	
	
	
	
	8

	Weather
	
	2
	1
	2
	1
	
	1
	
	
	2
	
	9

	Other
	
	1
	2
	
	
	
	2
	5
	
	
	2
	12

	Unknown
	5
	4
	2
	
	1
	
	1
	2
	
	
	2
	17

	Ship characteristics, average

	GT
	13 418
	584
	2 793
	3 302
	49
	3 806
	5 840
	19 621
	11 057
	3 727
	7 735
	4 727

	Prod Year
	1 970
	1 966
	1 977
	1 979
	1 954
	1 959
	1 978
	1 986
	1 982
	1 975
	1 973
	1 971

	Pilot
	0.00
	0.04
	0.00
	0.21
	0.00
	0.00
	0.00
	0.14
	0.00
	0.00
	0.00
	0.04

	Seamen on board
	23.4
	5.4
	10.4
	7.9
	2.3
	7.6
	3.0
	113.0
	46.0
	0.0
	
	11.76

	TotOnboard
	169.0
	28.7
	47.5
	18.6
	9.0
	46.2
	56.0
	923.0
	
	0.0
	
	78.41

	Type of Water

	Open Sea
	5
	1
	3
	3
	5
	2
	1
	3
	1
	2
	1
	27

	Open Coast
	
	8
	
	1
	
	1
	1
	1
	
	1
	1
	14

	Inner Coast
	5
	8
	2
	1
	
	7
	2
	2
	
	
	
	27

	Narrow Coast
	
	17
	4
	1
	
	2
	
	
	
	
	
	24

	Inland waterw.
	3
	7
	6
	3
	1
	3
	
	
	
	
	
	23

	Harbour
	3
	4
	5
	5
	
	
	6
	1
	2
	
	1
	27

	Other
	1
	
	
	
	
	
	
	
	
	
	1
	2

	Baltic 1/0
	0.65
	0.58
	0.35
	0.43
	0.33
	0.33
	0.10
	0.29
	0.67
	1.00
	1.00
	0.48

	Weather conditions, average

	Light (1-0.5-0)
	0.74
	0.68
	0.80
	0.75
	0.75
	0.87
	0.80
	0.50
	1.00
	0.50
	1.00
	0.74

	Sight (km)
	15.00
	12.28
	12.82
	9.33
	13.67
	12.44
	15.00
	15.00
	15.00
	11.00
	15.00
	12.58

	Wind (m/s)
	2.73
	5.95
	7.14
	5.66
	8.58
	8.03
	7.93
	4.52
	0.90
	20.98
	9.35
	6.60

	Seaway (m)
	0.22
	0.41
	0.64
	0.16
	1.10
	0.89
	0.79
	0.19
	0.00
	5.25
	2.50
	0.61

	Accident consequences, average

	Tot Fat/Inj/Mis
	0.06
	0.00
	0.25
	0.00
	0.00
	0.00
	1.10
	1.00
	0.00
	0.67
	0.00
	0.18

	Hull damage
	0.00
	0.69
	0.65
	0.64
	0.50
	0.13
	0.00
	0.00
	0.00
	0.67
	0.00
	0.42

	Leakage
	0.00
	0.09
	0.05
	0.00
	0.67
	0.00
	0.00
	0.00
	0.00
	0.33
	0.00
	0.07

	Othe damage
	0.00
	0.00
	0.20
	0.07
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03


Light: daytime=1, dark=0, dawn/twilight=0.5

In the table below, the casualties in commercial shipping 1998 are presented. Of the 11 fatalities that occurred, seven was due to illness (64%) and the rest in collisions accidents with other objects than ships. 

Table 7: Casualties in Swedish Maritime accidents 1998

	Accident type
	Fire
	Aground
	Coll.other
	Coll.ship
	Leackage
	Engine.
	Personinj.
	Illness
	Discharge
	Weather
	Other
	TOTAL

	Fatality – seamen
	0
	0
	4
	0
	0
	0
	0
	1
	0
	0
	0
	5

	Fatality – passenger
	0
	0
	0
	0
	0
	0
	0
	5
	0
	0
	0
	5

	Fatality – other
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	Injury – seamen
	0
	0
	0
	0
	0
	0
	8
	0
	0
	0
	0
	8

	Injury – passenger
	1
	0
	1
	0
	0
	0
	2
	0
	0
	2
	0
	6

	Injury – other
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1

	TOTAL
	1
	0
	5
	0
	0
	0
	11
	7
	0
	2
	0
	26


3.1.1 Single accidents

Around 90% of the accidents can be classified as single accidents. As long as the cost of the accident is born by the shipowner, no obvious externality occurs. 

However, we know that not all cost of personal injury accidents are paid by the shipowner. A part of the accident cost is born by the society. Consequently, for personal injury accidents an externality occur, even if the accident is a single accident. Personal injuries took place for fire accidents, collision with other objects, personal injuries, and illness and weather accidents. Personal injury accidents and illness is the dominant type (70% of the personal injuries) but has nothing to do with transportation. Example of these accidents includes accidents with staff in the kitchen. Of the remaining eight personal injuries, two were passengers that got hurt in bad weather and one was a passenger hurt in a fire. It is difficult to see that this type of accidents should have a clear relationship with the transportation distance and relevant for a distance related charge.

The remaining accident with personal injuries is the most serious. Collisions with other objects killed four seamen and injured one passenger during 1998. 

3.1.2 Collision between ships

From the SOS database, collision matrixes can be constructed. The most common collision during 1998 was collisions between passenger ships and pleasure boats. All three of the pleasure boats were sailing boats. 

Table 8 Collision matrix involving at least one Swedish shipc1998

	
	Fishing vessel
	Passenger
	Tanker
	Bulk
	Other
	Pleasure
	Total

	Fishing vessel
	1
	
	
	
	
	
	1

	Passenger
	-
	-
	
	
	
	
	0

	Tanker
	-
	1
	1
	
	
	
	2

	Bulk
	-
	-
	2
	1
	
	
	3

	Other
	-
	2
	-
	1
	-
	
	3

	Pleasure
	-
	3
	-
	-
	1
	n.a.
	4

	Unknown
	-
	-
	-
	1
	-
	n.a.
	1

	Total
	1
	6
	3
	3
	1
	-
	14


From the theoretical discussion above we know that an externality occur for both ship in a collision accident but the magnitude of the externality depends on the elasticity (E) and the proportion of cost that is born by each ship (θ). In the table below detailed information is given for each of the collision accidents during 1998.

The quality of the information is not very good. We have only information on damages on both ships for five of the fourteen accidents. If we assume that pleasure boats are damaged in collision accidents with commercial ships we can add four accidents with information.

Table 9: Detailed information on Collision accidents

	Nr:
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Ship I

type
	Fish.
	Pass.
	Pass.
	Pass.
	Pass.
	Pass.
	Tank
	Tank
	Tank
	Bulk
	Bulk
	Bulk
	Other (Pilot)
	Other

	GT
	30
	122
	294
	505
	424
	6 643
	2 406
	4 230
	10 908
	2 787
	3 800
	7 486
	-
	-

	Prod year
	1956
	1975
	1979
	1993
	1991
	1979
	1980
	1973
	1993
	1973
	1983
	1976
	1979
	-

	Cause
	navig.
	human
	human
	sight
	navig.
	human
	weath.
	navig.
	navig.
	engine
	navig.
	human
	human
	human

	Pilot
	no
	no
	no
	no
	no
	no
	yes
	yo
	yes
	yes
	no
	no
	no
	no

	Seamen
	-
	4
	4
	3
	-
	15
	8
	15
	10
	-
	11
	11
	2
	4

	TotOnboard
	-
	86
	36
	3
	-
	15
	9
	15
	12
	-
	11
	11
	3
	4

	TypeWater
	Open sea
	Narrow coast
	Har-bour
	Inland wat
	Har-bour
	Har-bour
	Inland wat
	Har-bour
	Lake


	Inner coast
	Open sea
	Open sea
	Open coast
	Har-bour

	Baltic 1/0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0

	Activity
	Sailing
	Sailing
	Sailing
	Sailing
	Park
	Sailing
	Sailing
	Load
	Sailing
	Sailing
	Icebre.
	Sailing
	Other
	Sailing

	Cargo
	fish
	pass.
	pass
	pass
	empty
	empty
	oil
	oil
	ballast
	bulk
	ballast
	ballast
	empty
	empty

	Light
	1
	1
	1
	1
	0
	1
	0.5
	1
	0
	1
	1
	1
	0
	1

	Sight km
	0.25
	15
	15
	0.25
	-
	15
	15
	15
	15
	15
	0.25
	0.25
	0.25
	15

	Wind m/s
	-
	12.3
	4.4
	0.1
	-
	4.4
	15.5
	6.7
	2.45
	0.9
	6.7
	4.4
	4.4
	-

	Seaway (m)
	-
	0.5
	0
	0
	-
	0
	0.25
	0.25
	0
	0
	0
	0.25
	0.5
	

	Fat/Inj/Mis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Damage to hull
	-
	-
	-
	1
	1
	-
	1
	1
	1
	1
	1
	1
	1
	-

	Leakage
	-
	-
	-
	0
	0
	-
	0
	0
	0
	0
	-
	0
	0
	-

	Fault
	No
	-
	-
	-
	-
	-
	-
	-
	Pilots
	-
	-
	-
	-
	-

	Ship II - type
	Fish.
	Pleas.
	Pleas.
	Other. 
	Other. 
	Pleas
	Pass.
	Tank
	Bulk.
	Bulk.
	Tank.
	? 
	Bulk
	Pleas

	Nationality
	LIT
	-
	-
	GB
	DK
	-
	
	IT
	RYSS
	DK
	
	-
	D
	-

	GT
	-
	-
	-
	113
	-
	-
	29 691
	2 349
	3 086
	1 275
	6 060
	-
	4 169
	-

	Prod year
	1987
	-
	-
	1994
	-
	-
	1996
	1993
	1988
	1977
	1981
	-
	1990
	-

	Pilot
	no
	-
	-
	no
	no
	-
	no
	no
	yes
	yes
	no
	-
	no
	-

	Seamen
	-
	-
	-
	
	-
	-
	88
	-
	12
	
	15
	-
	-
	-

	TotOnboard
	-
	-
	-
	
	-
	-
	1141
	-
	14
	
	15
	-
	-
	-

	Activity
	Sailing
	-
	-
	
	Sailing
	-
	Sailing
	Sailing
	Sailing
	Sailing
	Icebre.
	-
	Sailing
	-

	Cargo
	fish
	-
	-
	
	pass
	-
	pass
	-
	bulk
	bulk
	chem.
	-
	-
	-

	Fat/Inj/Miss
	0
	0
	0
	0
	0
	0
	0
	-
	0
	0
	0
	-
	-
	-

	Damage to hull
	-
	(1)
	(1)
	1
	-
	(1)
	1
	-
	1
	0
	1
	-
	-
	(1)

	Leakage
	-
	-
	-
	0
	-
	-
	0
	-
	1
	0
	0
	-
	-
	-


4 Limits of compensation

Sea transport is an international business and international treaties at sea have regulated safety for a long time. The most important treaty concerning safety of commercial ships are the SOLAS convention. The first version was adopted in 1914 as a response to the Titanic disaster. The current version was adopted in 1974 but has subsequently been amended (IMO(2002)). In addition, convention exists which regulates the limits of compensation for fatalities and personal injures and oil damages. In section 5.1 below we summarise the limits and the limits are compared to the value of statistical life in section 5.2. A discussion on the consequences for the external cost is made in section 5.3.

4.1 Limits of compensation in Swedish Maritime law

The limits for personal injuries on own passengers are written in the Athens Convention relating to Carriage of Passengers and their Luggage by Sea (PAL) 1974 and on other passenger in the Convention on Limitation of Liability for Maritime Claims 1976. Limits to compensation for oil spills are regulated in the International Convention on Civil Liability for Oil Pollution Damage, 1969 (IMO(2002)). These limits are codified in the Swedish Maritime law (Sjölag (1994:1009)) in section 3.

The law is based on negligence, which means for collision accidents, the responsible parts have to pay the cost of damage. If both are responsible, the cost is split according the proportion of responsibility (8 ch:1§). The shipowner has to pay the cost of an accident caused by an employee but the cost can be reclaimed from the responsible part (7 ch:1§).

The shipowner has the right to limit his liability according to chapter 9 in the law. He can limit the liability for personal injuries and damage to cargo but not for the cost of rescue. The limit of compensation follows from the table below. For oil damages the compensation has two sources, first direct compensation and, secondly, compensation from the international fund described in 1992 years protocol to 1971 international convention about an international fund. The fund covers damages above the shipowers limit 

Table 10: Limits of compensation (€)

	
	Limit per certified passenger (€)
	Total limit by GT (€)
	Total limit €

	Own passengers (§5.1)
	64 399    
	-
	34 500 000    

	Other passenger (GT<500) (§5.2)
	
	-
	459 540    

	   per GT from 501-3 000
	
	690    
	

	   per GT from 3 001-30 000
	
	460    
	

	   per GT from 30 001-70 000
	
	357    
	

	   per GT > 70 001
	
	230    
	

	Other damages (GT<500) (§5.3)
	
	-
	230 460    

	   per GT from 501-30 000
	
	230    
	

	   per GT from 30 001-70 000
	
	173    
	

	   per GT > 70 001
	
	115    
	

	Damage from oil spill (GT=<5000) (Kap 10 §5)

	
	-
	4 140 000    

	   per GT > 5 000
	
	580
	                   

	   
	
	-
	82 386 000    

	Including compensation from fund
	
	-
	186 300 000    


SDR1=US$ 1.29 = € 1.38 = SEK 12.57 (Source: www.imf.org)

4.2 Limits of compensation compared to value of statistical life

The total limit for compensation to own passengers is 34.5 million €. That means that ‘full’ compensation to a passenger (64 399 €) can be paid to 536 passengers. The ship with most passengers involved in an accident during 1998 had 1 554 passengers (fire). A large ferry, Silja Serenade, may carry 2 852 passengers. If an accident means injuries to passengers on other ships, the total limit is set according to gross tonnage. The largest passenger ship involved in an accident 1998 had a weight of 38 772 GT which means a total limit of 13 million € or 8 427 € per passenger. A large ferry may have a tonnage of 58 000 GT which means a total limit is 25 million € or 8 787 € per passenger.

The limits of compensation for personal injuries are compared to the risk value used in the UNITE accounts. It should be noted that the values used in the accounts are based on the willingness to pay for a reduction of the risk of fatality in a road accident. The willingness to pay for a reduction in the risk of fatality due to a maritime accident could be different. In Table 11 below, the risk value is presented. The cost of property damage are irrelevant for Maritime accidents.

The limits per personal injury of own passenger is 5% of the risk value for fatality, 30% for severe injuries and covers up to four times the cost of slight injuries.

Table 11 Risk value (€)

	Euro
	Fatality
	Severe Injured 
	Slight Injured 

	Willingness to pay
	1 231 884
	160 145
	12 319

	Net lost production
	108 210
	28 516
	1 561

	Hospital care
	3 948
	21 387
	1 201

	Administration
	6 416
	1 307
	601

	VOSL 
	1 350 458
	211 355
	15 682

	Limitation compared to VOSL
	5%
	30%
	411%


5 Consequence for the fairway charges

In section 4 above, it was concluded that casualties occurred in two types of accidents that where relevant for a distance-based charge, collision with other objects and collision between ships. In the following, an indication is given what this means for the external marginal cost. We will assume a low cost, where only the system external cost
 should be included, and a high cost where the limits of compensation is employed. 

5.1 Single accidents/collision with other objects

If we assume the risk of single accidents to be constant (E=0) and that only the system external cost is relevant we find an external cost of 0.4 million € for the four fatalities and one injured person in collision accidents with other objects. Compared to the current fairway charges this is 0.4%. The annual cost per ship is 73 €, which is insignificant.

Assuming that the compensation is limited, following the limit per certified passenger above, the external cost increases to 5.4 million € which is around 5% of the current fairway charges. The cost per ship is 10 000 € annually. 

5.2 Collision with other ships

In collision between ships, no person was injured during 1998. This means that no externality related to personal injuries arises. 

If we assume the individual elasticity to be –0.5, and that the damaged ship is compensated with half the accident cost from the other ship, no externality occur in collision accidents between ships. Although, this conclusion is based on rather uncertain assumption the magnitude of the possible external cost is limited.

5.3 Indication for the fairway charge

Although the fatality risk in maritime transport was seen as surprisingly high, the resulting external cost related to personal injuries is low (0.4% of the fairway charge). Even if we employ a limit on the compensation, the external cost is relatively low (5% of the fairway charge). We have assumed that the fairway charge should internalise the externality due to maritime accidents but excluded personal injuries, illness, and fire accidents.

An externality may occur in accidents between ships. However, collision accidents between ships are only about 10% of the total number of accidents. No person was injured or killed in such accidents during 1998. An externality may occur but that depends on the actual compensation of the cost of hull damage of the involved ships.

In conclusion, for the year 1998 no significant externality occurred in Maritime transport which would suggest any dramatic shift in the fairway charges. We have not included the cost of oil spill in this analysis. Neither have we considered the risk for catastrophic accidents. Due to the limitation of compensation the degree of externality will increase with the size of the accident.

6 Conclusion

Reliable estimates on the accident risk in maritime transport are rare. Two reasons can be found, first, maritime transport is a truly international mode and for almost every single trip a number of different territorial waters are passed which make the statistics difficult to collect. Secondly, the traditional measure of exposure, vehicle kilometre, is difficult to find at sea transport. In this paper, we have not been able to improve the estimates on maritime risk.

We have examined detailed accident reports from the Swedish Maritime administration for all accidents with Swedish ship on Swedish water during 1998. It is suggested that the fatality risk at sea are surprisingly high at a first glance. Per Swedish ship, the risk is 1.9 fatalities per ship compared to 0.1 per vehicle in road transport. The fatality risk per passenger kilometre for ferry traffic could nevertheless be around half of the risk in road transport.

A majority of the accidents can be classified as single accidents (90%). Many of the accidents in the statistics are not transport related. Around 70% of the fatalities and personal injuries occurred in ‘non-transport’ related accidents, such as illness or accidents in the kitchen. If these accidents are deducted from the risk estimate presented above the risk will fall in maritime sector.

In Sweden 14 collision accidents happened during 1998 which involved at least one Swedish commercial ship. No person was killed or injured in these accidents. 

Very little in the material suggests that the accident risk should be dependent on the traffic volume or distance. A plausible hypothesis is that the ‘congestion’ type of externality, i.e. the fact that the cost changes with traffic volume, may be ignored in maritime accidents in Sweden. However, more collisions happen in narrow water, which suggests that ‘congestion’ could have an influence on the risk. 

The second type of externality, the proportion internal and external cost depends on who is the victim, and if he is compensated or not by the injurer. A number of international conventions regulate the level of compensation. It is found that, for the most catastrophic accidents, the cost of accidents is much higher than the total limit. In addition, the limit per passenger is far below the accident cost if the willingness-to-pay based component is included. The limitation means that the compensation, and consequently the internalised cost, is around 5% for a fatal accident and 30% for a severe injury. The conclusion is that the shipowner does not internalise all accident cost in case of catastrophic accidents. 

Although the fatality risk in maritime transport was seen as surprisingly high, the resulting external cost related to personal injuries is low and can be estimated to around 0.4% of the current fairway charge. Even if we employ a limit on the compensation, the external cost is relatively low and amounts to 5% of the current fairway charge. We have then assumed that the fairway charge should internalise the externality due to maritime accidents, but excluded personal injuries, illness, and fire accidents.

An externality may occur in accidents between ships. However, collision accidents between ships constitute only about 10% of the total number of accidents. No person was injured or killed in such accidents during 1998. An externality can take place, but that depends on the actual compensation of the cost of hull damage of the involved ships.

In summary, for the year 1998 no significant externality occurred in Maritime transport which would suggest any dramatic shift in the fairway charges. We have not included the cost of oil spill in this analysis. Neither have we considered the risk for catastrophic accidents. It can nevertheless be concluded that due to the limitation of compensation, the degree of externality will increase with the size of the accident.
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� Includes also combined tanker/bulk ships.


� An alternative presentation is to start with the average cost of the charged category (i) and the total cost of other categories (ii). The MC can be written as three components, which can be developed to the same expression as above.


� EMBED Equation.3  ���   (i);   � EMBED Equation.3  ���   (ii); 


� EMBED Equation.3  ��� � EMBED Equation.3  ��� � EMBED Equation.3  ���� EMBED Equation.3  ���.


� The reports contain one more accident than the summary table 1. This is, however, not important for our conclusions.


� Communication with Mikko Malmivuo, VTT, Finland, 21 Mars 2002.


� A new law (Prop 2001/02:139) is proposed which increases the limit to 4 510 000 SDR with an increase of 631 SDR/GT above 5 000 GT and an absolute maximum of 89 770 000 SDR. The total limit of compensation, including the fund, is proposed to be 203 000 000 SDR.


� The system external cost si 90 679 € per fatality, 38 168 € for severe injury and 2 175 € for light in jury.
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										Figure 3.1:  The Early Stages of UNITE
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								Figure 3.2: Development of Transport Accounts
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										Figure 3.3:  Marginal Cost Case Studies
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										to generalisation																																						-isation								D11 (24):  Environmental

																																																				D15

																																																								Generalisation:

										WP6: User Cost & Benefit																		D6																												D15 (28): Guidance on

										WP7: Supplier Opex																		D7																												Adapting MC Estimates

										WP8: Accident Cost																												D9

										WP5: Infrastructure Cost																																		D10

										WP9: Environmental Cost																																		D11

																																																								Note: other roles of

										7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28				WP5-9 not shown



WP2: Integration of Approaches

WP11: Pilot Accounts

WP12: Generalisation of Case Studies

Project Management

WP3:
Accounts
Approach

WP4:
MC
Method



WPs

		Table 3.1:  Overall Schedule of Workpackages

		WP		Workpackage Title		Start		End		Length		Outputs (month)

						month

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

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

		3		Accounts Approach		4		6		3		D2 (6)

		4		Marginal Cost Methodology		4		6		3		D3 (6)

		5-10		"Specialist Category" WPs:*

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

		6		Supplier Operating Cost		4		24		21		D6 (16)

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

		8		Accident Costs		4		24		21		D9 (21)

		9		Environmental Costs		4		26		23		D11 (24)

		10		Taxes, Charges & Subsidies		4		24		21		-

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

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

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

		14		Project Management		1		33		33		FR (33)

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





Deliv

				Table 3.2:  Schedule of Deliverables

				No.		Month		WP		Title		Main Contents		QA

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

				Table 3.3:  Major Project Milestones

				No.		Month		"Title"		Main Contents

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

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

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

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

		0		M5		33		Completion		Final Report

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

		0		represented by the Steering Committee.
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Meetings

				Table 3.4:  Main Working Meetings

				Meeting		Month		Venue/ Partner		Main Reason		Core Attendance

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

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

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

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

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

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

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

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

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

		Overall Schedule of WPs

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

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

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

												28		D13 Results from Testing Alternative Integration Frameworks

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

		Detailed Schedule of Tasks (NOT COMPLETE)

		1		The Overall UNITE Methodology		1		3		3

				Task 1.1: Identification of Policy Questions

				Task 1.2: Identification of Technical Questions

				Task 1.3: Discussion with Key Stakeholders

				Task 1.4: Development of Framework for Integration

				Task 1.5: Development of an Outline for Project

		2		Integration of Approaches		4		28		25

				Task 2.1: Development of a Theoretical Framework				6

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

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

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

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

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

		3		Accounts Approach		4		6		3

		4		Marginal Cost Methodology		4		6		3

		5		Infrastructure Costs & Benefits		4		24		21

		6		Supplier Operating Cost		4		24		21

		7		Transport User Costs & Benefits		4		24		21

		8		Accident Costs		4		24		21

		9		Environmental Costs		4		26		23

		9.1		Determine Scope		4		4

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

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

		9.4		Support Accounts Development		7		24

		9.5		Conduct MC Case Studies		7		24

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

		10		Taxes, Charges & Subsidies		4		24		21

		11		Pilot Accounts		7		24		18

		12		Generalisation of Marginal Costs		7		28		22

		13		Policy Perspectives on the UNITE Research		29		31		3

		14		Project Management		1		33		33












_1054102243.unknown

