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1 Scope
1.1 Background
To maintain and increase efficiency in maritime safety and marine environmental protection,
risk assessment (RA), cost-benefit analysis (CBA) and cost-effectiveness analysis (CEA)1 ought
to be applied by various stakeholders within the maritime industry when any major changes in
regulation or the waterway infrastructure are considered. RA and CBA/CEA should serve as
tools in rational decision-making process in line with the aims of Formal Safety Assessment
(FSA). To apply CBA and CEA, estimations of costs are needed.
The risk concept, here defined as the combination of probabilities for and consequences of
accidents, is crucial in shipping. There are many recent and ongoing projects that have
appraised the probabilities of accidents in a Baltic Sea context such as the BaSSy project
(Hüffmeier et al., 2009), Baltic Master (Maritime University of Sczezin, 2007a, 2007b) and also
the EfficenSea project (Montewka, 2009). Similar approaches have been carried out by the
International Association of Marine Aids to Navigation and Lighthouse Authorities (IALA) in the
IAIA Waterway Risk Assessment Programme (IWRAP Mk 2), which is presented in Friis-Hansen
(2008).
However, probability assessments alone give a limited picture of maritime risk as the
consequences of accidents and related costs for stakeholders may vary substantially. In a
CBA/CEA perspective the costs of preventive and mitigating actions need to be compared with
benefits in terms of avoided accident costs. Costs of the accident are seldom estimated in
accident investigations. Neither the present nor the coming code on casualty investigations from
the International Maritime Organization (IMO) address costs in connection with casualties (IMO,
2008a). Different accident costs are rather estimated and assembled to a partial extent by
different stakeholders such as marine insurers (CEFOR, 2008) and administrations (FMA, 2008).
There are also some international guidelines where cost assessments related to maritime safety
are addressed.
IALA has developed a guideline on risk management which outlines a general description on risk
management methodology for Risk Control Measures (RCM) such as marine Aids to Navigation
(AtoNs) including Vessel Traffic Services (VTS) so that all types of risks are effectively managed
by AtoN authorities. The Guideline may be used when assessing the optimum mix of aids to
navigation and other facilities (IALA, 2008).
IMO has introduced Formal Safety Assessment (FSA) as a structured and systematic
methodology for enhancing maritime safety, including protection of life, health, the marine
environment and property. FSA uses both RA and CBA/CEA and can thus be used as a tool in
the evaluation of new Risk Control Measures (RCM) such as ship-based and crew-based
regulations for maritime safety and protection of the marine environment (IMO, 2007a).
As the Baltic Sea is a very fragile and vulnerable sea, the IMO designated it as a Particularly
Sensitive Sea Area in 2005 after several Baltic Sea states submitted a proposal to the Marine
Environment Protection Committee (MEPC) of the IMO. The designation invites states to suggest
associate protective measures (APM) which make up a limited array of RCMs. Measures that can
be used to promote maritime safety are recommended and include a compulsory pilotage
system, mandatory traffic surveillance, traffic separation schemes (TSS), deep water route,
area to be avoided and mandatory ship reporting system (Lindén et al., 2006).
1

Cost-Effectiveness Analysis is used when benefits cannot be measured in monetary terms.
Examples are reduced number of fatalities or reduced volume of spilled oil.
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HELCOM (2007) addresses in the Baltic Sea Action Plan (BSAP) indicators and target related to
maritime safety as number of shipping accidents per year in relation to traffic, number of
accidents with pollution in relation to the total number of accidents per year and number of
collisions/groundings in relation to the total number of accidents. Accident costs are not a part
of these indicators.
Although there are international guidelines and tools for risk management and RA of RCMs, as
desribed above, there is a need to determine how these should best be applied on a regional
level. There is also a need for regional data and information on accident probabilities and
consequences so that the risk assessment meets the requirements of national administrations
within the region. Consequences of an accident can vary greatly depending on type of shoreline,
and there are strong seasonal affects in waterbodies such as the Baltic Sea. The effectiveness of
specific RCMs can also vary depending on the area of application and local conditions.
Activity 6.4 of EfficienSea is an attempt to fill data gaps and provide recommendations for
carrying out CBAs/CEAs of RCMs to improve maritime safety within the Baltic Sea area.
Furthermore, the interaction between infrastructure, ship and crew-based RCMs and the
resulting efficiency needs further attention as the RCMs provided by national administrations are
put on top of the international regulation on ships and crews.
The activity belongs to the work package Dynamic Risk Management and will deal with the
issues above. Partners contributing to report preparation in activity 6.4 included the Swedish
Maritime Administration (SMA), the Finnish Maritime Administration (FMA), Aalto University,
and SSPA Sweden AB.

1.2 Aims of the activity
The main objective of activity 6.4, “Framework on economic quantification of maritime accidents
and risk control measures”, is as follows:

to promote and develop risk-based management by developing knowledge about identification,
quantification and distribution of economic consequences of maritime accidents and risk control
measures. The main outcome of this activity is the assessment of various methods applied in
different Baltic Sea countries to quantify maritime accidents and related economic consequences.
This will also include detailed investigations of selected accidents. Here economic quantification
and stakeholder distribution of risk control measures and other consequences are highlighted.
(From the EfficienSea Project Data Form 04/02/2009)

Specific aims to meet this overall objective were developed as follows:
•

Describe existing practice. How have maritime RA and CBA/CEA been used by
national agencies for decision making up to the present date? What are the costs of
RCMs in some of the partner countries in the EfficienSea project?

•

Investigate and document accident costs. What are the costs of maritime accidents?
How costly have various accident types been in the Baltic Sea?

•

Recommendations for developing a CBA/CEA framework. What is a suitable
approach to cost assessments of accident costs on a national and a Baltic Sea level?
What types of benefits in terms of avoided accident costs can be estimated and used in
CBA/CEA of RCMs initiated by the national administrations?
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1.3 Aim of report
This report aims to present methodologies and data sources to be used to estimate costs and
benefits of maritime RCMs in the Baltic Sea. The report covers activity 4 within work package 6,
Dynamic Risk Management.

1.4 Boundaries
The boundaries of the study are predominantly confined to:
•

territorial waters and EEZ of the partner countries in the EfficienSea project (Denmark,
Estonia, Finland, Norway, Poland and Sweden).

•

The RCMs that are bound to a certain area such as Aids to Navigation, pilotage, Ship
Reporting System (SRS), Vessel Traffic Service (VTS), Traffic Separation Scheme (TSS),
and towing. However, ship and crew based RCMs such as Electronic Chart Display and
Information System (ECDIS) and Bridge Resource Management (BRM) will be discussed.

•

The accident types collision, grounding and contact. Comparisons will be made with
costs of other maritime accident types such as foundering and fire.

•

Merchant ships and fishing vessels with a size of at least 100 or 300 GT.

1.5 Methods and Data Sources
Data sources on accidents and costs included accident databases and investigations from the
Baltic Sea and Norwegian territorial waters. In addition, the HELCOM database MARIS was used.
For a worldwide comparison of oil spill costs, the International Oil Pollution Compensation
(IOPC) fund annual reports (IOPC fund, 2008) was consulted. Data from the Nordic Association
of Marine Insurers (Cefor) was used for estimates of accident costs related to ship damage.
The responsibilities for various national agencies with respect to risk control measures were
captured from descriptions in annual reports and on webpages as well as through personal
contacts with officers at the administrations. The funding for the various administrations and
RCMs was compiled by personal contacts at the national administrations and consulting annual
reports.
RCM costs for regulating and operational administrations were compiled from annual reports
and by contacting officers at the administrations. For accident investigations, the share of
investigated groundings, collisions and contact in comparison to the total number of
investigated accidents during 2010 were assumed to be proportional to the total cost of the
investigation administration.
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2 Existing practice
The International Maritime Organisation’s Formal Safety Assessment (FSA) process is the
standard on an international level for using risk analysis and cost-benefit assessment
techniques to assess maritime safety issues and evaluate risk control measures. The IMO’s
Maritime Safety Committee first approved FSA guidelines in 2001, and these were subsequently
updated in 2007. Many consider that previous to the FSA approach, new regulations regarding
maritime safety were often initiated in reaction to serious accidents and the lessons learned
from them.
The FSA process has five main steps, as shown in Figure 2.1. These include identification
of hazards; risk analysis; risk control options; cost benefit assessment; and recommendations
for decision-making (IMO Maritime Safety Committee (MSC), 2007a). In terms of accident
consequences, the FSA approach prioritises human safety and the marine environment, as the
IMO states that it is used to assess “the risks relating to maritime safety and the protection of
the marine environment” (IMO, 2002).

Preparatory Step

Definition of Goals, Systems, Operations
Hazard Identification

Step 1
Hazard Identification

Scenario definition
Consequence
Analysis

Cause and
Frequency Analysis

Step 2

Risk Summation

Risk Analysis
Options to decrease
Frequencies

No

Risk
Controlled?

No

Options to mitigate
Consequences

Yes

Step 3
Risk Control Options

Step 4

Cost Benefit Assessment

Step 5

Recommendations
for Decision Making

Cost Benefit Assessment
Reporting

Figure 2.1 Flowchart showing the steps in the Formal Safety Assessment process (International
Association of Classification Societies, 2002)
Step 4 of the FSA, cost benefit assessment, states that the evaluation of costs and benefits
should be done both for the overall situation and the entities that are the most influenced by
the problem in question. This could include coastal states and flag states. Benefits assessed
may include “reductions in fatalities, injuries, casualties, environmental damage and clean-up,
indemnity of third party liabilities, etc. and an increase in the average life of ships” (IMO
Maritime Safety Committee (MSC), 2007a).
FSA has been applied to a range of ship-related safety questions since its introduction and
adoption by the IMO. Some of the FSA studies have been done at a higher overview level,
addressing a whole ship type, such as container ships (IMO MSC, 2007b), LNG carriers (IMO
MSC, 2007c), or passenger vessels (IMO Sub-committee on Safety of Navigation, 2005). FSAs
have also been used to look at very specific types of risk control options, such as Electronic
Chart Display and Information Systems (ECDIS) (IMO MSC, 2006).
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There have been several safety and risk studies carried out for specific areas of the Baltic Sea
that have used the FSA approach. Some have focused on the steps for hazard identification and
risk analysis, but have not included detailed generation of risk control options and cost benefit
assessment. Others have included assessment and ranking of risk control options based on
costs and expected benefits. Some of the more comprehensive recent studies are summarised
in the following section.

2.1 FSA Approach in the Baltic Sea
Six main studies using the Formal Safety Assessment approach (FSA), five of which were for
specific areas in the Baltic Sea, and one of which was for the Norwegian Coast, were identified
and reviewed by Westerlund (2010) within EfficienSea Task 6.4. These were as follows:
1.
2.
3.
4.
5.
6.

Navigational Safety in Danish waters, 2002
The implementation of the VTMIS system for the Gulf of Finland, 2002
Navigational safety in Øresund, 2006
Sea Traffic in the Area around Bornholm, 2008
Effects of proposed ship routeing off the Norwegian coast - Røst-Utsira, 2009
Improved maritime safety in the Sea of Åland, 2010

These studies, along with a risk analysis study recently completed for the Kattegat area, are
briefly summarised below. Methods for assessing costs of implementing identified risk control
measures, and benefit identification and assessment are a particular focus of the summary. As
national agencies have been involved in commissioning most of the FSAs described below, it
gives an indication of the existing practice and input used for decision-making regarding risk
control measures for improving navigational safety.
2.1.1 Risk Analysis of Navigational Safety in Danish Waters
The study "Risk Analysis of Navigational Safety in Danish Waters" (COWI, 2002) was completed
in 2002, and was carried out by COWI A/S on behalf of the Danish Maritime Authority and the
Royal Danish Administration of Navigation and Hydrography. The study was initiated as part of
the response to the collision between the tanker 'Baltic Carrier' and the cargo ship 'Tern'
southeast of the island Møn in March 2001. The accident resulted in a spill of approximately
2,700 tons of heavy fuel oil and much public focus on navigational safety and emergency
response in Danish waters.
Objective: The purpose of the study was to estimate present navigational safety in Danish
waters and calculate the risk reduction potential of various risk control options.
Scope: The analysis covered only spills caused by ship-to-ship collisions and groundings, and
only ships of 50 GT or more were included. Spills of oil, gas, and chemicals were considered,
and only direct costs of spills were included in the estimates. These direct costs were stated to
include loss of human lives, ship repair, lost revenue and lost cargo. These costs were stated to
be roughly assessed to be an average of 50 million DKK per spill, where the average spill was
considered to be 400 tons of oil. Clean-up costs were also considered. Risk control options
assessed included introduction of additional VTS services (establishing new services as well as
including additional surveillance in existing services), widening channels, introducing traffic
separation schemes, and dredging.
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Methods: The Danish waters were analysed by using traffic and accident statistics from a fiveyear period (1997 to 2001, as shown in Figure 2.3), and five locations with high accident
frequency were selected for further analysis. Accident scenarios and risk-reducing measures
were identified for each of these locations. Accident scenarios were identified through interviews
with pilots, captains and VTS operators as well as through analysis of accident reports. RCOs
were stated to be mainly identified from interviews. Costs were calculated for both
implementing and operating the RCOs and compared with the costs of spills that were
estimated to be averted by these RCOs.
Conclusions/results: The following areas were identified through the analysis to have the
highest accident frequency: Drogden, Langelandsbælt, Hatter area, Kadetrenden and the Sound
north. Four RCOs were identified as being the most cost-effective. Two of these involved
structural measures – widening of the Drogden Channel and dredging the main route at Hatter
Barn. The other two measures were VTS solutions: incorporating the Hatter area into the VTS
Great Belt surveillance area; and introducing a VTS centre for the area around the Drogden
channel.
Uncertainty: Uncertainties related to the cost of risk control options were identified, and it was
considered that these could be reduced through more detailed investigation. The uncertainty
related to estimated number of averted spills was considered to be difficult to reduce. There
also considered to be uncertainty regarding the ranking of the dredging alternatives relative to
the VTS alternatives, due to the different mechanisms for reducing risk inherent to the two
methods. Indirect costs of spills including costs for environmental damage (to flora and fauna
and natural resources), affect on other industries (fishing, aquaculture, tourism), and political
costs were not included, and were stated to be potentially significant. This introduces
uncertainty into the estimate of benefits resulting from averted spills.
Additional: The Hatter Barn area was eventually incorporated into the Great Belt VTS, and a
mandatory ship reporting system, BELTREP, was implemented.

2.1.2 Implementation of a VTMIS system for the Gulf of Finland
“The implementation of the VTMIS system for the Gulf of Finland” (VTT, 2002) is a formal
safety assessment study that was carried out for the Finnish Ministry of Transport and
Communications and the Finnish Maritime Administration. A vessel traffic management and
information system (VTMIS) was being planned as traffic flow and therefore the risk of an oil
spill accident in the Gulf of Finland were expected to increase.
Objective: The purpose of the work was to assess the potential effectiveness of two proposed
options for a VTMIS system for the Gulf of Finland. The first option, referred to as “System 1”
included a new routeing system combined with a mandatory reporting system. The second
option, “System 2”, consisted of System 1 combined with a radar-based traffic monitoring
system. These options were compared to the ‘Baseline’ option which consisted of no additional
investments to vessel traffic control for the Gulf area.
Scope: The accident type ship-to-ship collision was the main focus, and the assessment was
limited to the risk of oil, chemical or gas tankers colliding with other types of vessels or with
each other. Traffic projection estimates, for total number of vessel calls and proportion of ship
types for the years 2010 to 2015 were used in the assessment.
Methods: The FSA procedure was followed, with some modification as the risk control options
being considered were known at the start of the study and the purpose was to assess them. The
hazard identification step was carried out using two expert group sessions. In addition a
efficiensea.org
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literature search and interviews with experts were carried out to identify hazards. Records of
casualties were also analysed to obtain estimates of probabilities, in conjunction with expert
sessions. Around 50 collision risk scenarios were produced during the expert group sessions, of
which 22 were ranked for high enough to require further investigation. In addition hazards
concerning winter navigation in the Gulf of Finland were studied and 15 of them were
prioritized. Fault trees were developed for accident types.
Step 2 of the FSA involved the development of a risk model, which was guided by the grouping
of risk scenarios developed in step 1 into technical, communicative, human and external
factors. Three ship types were used in the risk assessment model.
The frequency analysis module of the GRACAT software was used to quantitatively estimate an
annual grounding or collision frequency or probability for specific vessel types. The ship routes
and fairways relevant for the specific study were specified for the risk calculations. The
routes/fairways were defined by waypoints using true values of latitudes and longitudes. The
consequence model of GRACAT was limited to estimation of the vessel’s time to capsize and to
an estimation of oil spillage.
Consequences of scenarios were defined according to oil spill (quantity), human (injuries and
fatalities), and material (ship damage).
The cost benefit step of the FSA measured benefits of risk control measures in terms of the
expected reduced societal cost due to decrease in the number of collisions and the associated
oil spills after implementation. Oil spill volumes were estimated for each collision type. Costs
associated with each tonne of oil spilled were estimated from the literature (Etkin, 1999, for
cleanup costs). An estimate of €10400 was used for cleanup costs, and one cost figure of
€402500 was used to cover the cost to marine and environmental authorities. Harm to the
environment, including effects on fish populations, fish farming, birdlife, seals, boating, tourism,
and recreation, use of shoreline and site value, were estimated as one figure using a formula
that accounted for the volume of oil spilled. Costs of implementing the VTMIS measures were
based on cost figures from the national authorities and included the equipment, the installation
and the annual operational costs of the system accrued to the Finnish, Estonian and Russian
authorities.
Conclusions/Results: Both RCOs assessed in the study were found to decrease the risk of
ship-to-ship collisions, and were considered to be capable of improving the safety of shipping in
the Gulf of Finland. The RCO ’System2’ was found to have a higher cost-benefit and was
recommended for implementation. “System 1” was found to be economically unprofitable based
on the cost benefit analysis.
Uncertainty: It was noted that a consistent uncertainty/sensitivity analysis was not conducted
of the model parameters. The assessment of the costs related to oil spills were noted to be
general and did not emphasise the severe impact that the spills would have with respect to the
most sensitive and vulnerable sea areas. For the assessment, the VTMIS equipment were
assumed to operate perfectly without failures and technical deficiencies, although it was
acknowledged and neither the frequency nor the effect of failures or technical deficiencies was
included in the assessment of the effectiveness of the RCOs. The main uncertainties of the
study from an analyst perspective were noted to pertain to the expert judgements related to
the parameter estimation of the basic events of the Collision Fault Trees.
Additional: The FSA was submitted to the IMO. The Gulf of Finland mandatory ship reporting
system (GOFREP) commenced operations on 1 July 2004.
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2.1.3 Navigational safety in Øresund
The study “Navigational safety in the Sound between Denmark and Sweden (Øresund), risk and
cost benefit analysis” (Ramboll, 2006) was commissioned jointly by The Royal Danish
Administration of Navigation and Hydrography, The Danish Maritime Authority and The Swedish
Maritime Administration. The Øresund is a heavily trafficked waterway used by a range of ships,
including passenger vessels with frequent crossings between Denmark and Sweden. The
navigational routes in some parts of the sound are relatively narrow, and the authorities wanted
to ensure that the navigational risk was at an acceptable level.
Objective: The main purpose of the study was to develop a risk map for the Øresund, to use as a
basis for making decisions regarding the need for risk reduction measures. Risks for collisions and
groundings in relation to human safety, property and the environment were to be identified.
Recommendations for risk reduction measures were also to be put forth.

Scope: The geographical boundaries for the study was the area bounded by a line from Gilleleje
to Kullen in the north and a line between Stevns and Falsterbo in the south. Potential
navigational risks were limited to those outside the main port areas. Accident types assessed
included ship to ship collisions, ship collisions with obstacles, and groundings. Consequence
estimates were limited to human safety (as fatalities), property, and environment (measured in
terms of clean-up cost only).
Method: The risk analysis method used in the study followed the International Maritime
Organisation (IMO) “Guidelines for formal safety assessment (FSA) for use in the IMO rulemaking process” (IMO, 2002). All five steps of the FSA were carried out.
The hazard identification step of the FSA was conducted as an
hazards identified which were subsequently ranked considering
consequences. The identification of risk reduction measures (step
workshop method. Forty-four measures were identified, and
considered in the cost-benefit analysis (FSA step 4).

expert workshop, with 66
frequency and extent of
3) also utilised the expert
these were subsequently

The risk analysis consisted of calculation models, which estimated the risks concerning collisions
and groundings. The models were used to estimate accident frequencies, as number of
expected annual accidents, and consequences in terms of the costs of fatalities, property
damage and environmental damage (oil spill clean-up only). The economic value of a fatality
resulting from a ship accident, as well as environmental costs were based on information from
the SAFEDOR (Design and Operation for Safety) EU project (Skjong et al., 2007). Property
damage was based on data from a ship insurance company.
The cost benefit analysis step of the FSA (step 5) was carried out according to the Danish
Ministry of Transport’s Guidelines for Social-economical evaluation (Trafikministeriet, 2003).
The benefits of a given risk reduction measure were estimated based on the results of the risk
model. Cost and benefits were calculated on the basis of the Net Present Value using a lifetime
of 25 years for the implemented risk reduction measures and an interest rate of 6%. The
economic consequence of a single fatality was set at 18 million DKK (converted from the USD 3
million value proposed in SAFEDOR). The costs of property damage were categorized in five
classes, ranging from 120 000 – 4 800 000 000 DKK for collisions and 0 - 22 080 million DKK
for groundings. The costs of environmental damages were also categorized in five classes and
ranged from 19 050 000 to 1 905 000 000 DKK. Environmental damage costs did not include
long term costs from adverse effect on the environment. Costs of implementing the proposed
risk control measures included direct implementation and operational costs for a lifetime of 25
years. Physical measures included changes to routes such as excavations, new markings,
changing locations of existing markings, etc. Costs for VTS installation and operation were also
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estimated. Costs for implementations of traffic separation schemes included conducting
investigations and preparing applications for IMO approvals.
Results: The areas identified by analysis to have the highest risk were the area at HelsingørHelsingborg and the Drogden channel. The average number of annual collisions in Øresund was
estimated to be more than one and that the annual number of groundings was estimated to be
approximately 4.
Three risk reduction measures were recommended as a result of the work:
• Move buoy W4 at Helsingør-Helsingborg further north
• Mark additional lanes in Drogden outside the existing Drogden channel to be used for
smaller ships with draughts less than 5 m.
• Improvement of the marking at the north western area of Väster Flacket.
An additional four risk reduction measures were classified in the cateogry “may be
recommendable depending on additional clarification before implementation”:
• Convoy sailing in Drogden
• Overtaking forbidden in Drogden
• Traffic Separation Scheme in Drogden/Flintrännan
• Traffic Separation Scheme at Ven
The VTS and the removal of Drodgen lighthouse were found to be cost-beneficial, but due to
uncertainty in model results it was considered that further cost benefit analysis was required.
Uncertainty: An uncertainty analysis of the risk analysis results was carried out by varying a
number of parameters as follows: increase in ship traffic volume, removal of leisure boats,
doubling the number of leisure boats, and changing human failure rates. A sensitivity analysis
was also carried out for the cost benefit analysis. This involved increasing and decreasing
annual benefits by a factor of five, and costs were increased and decreased by a factor of two.
It was noted that the assessment of risk was uncertain due to the uncertainty of the input
parameters.
Additional: The voluntary ship reporting system in the sound between Denmark and Sweden
(SOUNDREP) was established on 15 August 2007 and is operated by Sound VTS.
2.1.4 Sea Traffic in the Area around Bornholm
A risk analysis of the sea traffic in the area around Bornholm was conducted on behalf of the
Danish Maritime Authority in 2008 (COWI 2008) to assess a newly introduced traffic separation
scheme and to investigate the effect of a possible new traffic diversion.
Objective: The objective of the analysis was to assess the effect of a traffic separation scheme
that was introduced in the Bornholmsgat in 2006, and to investigate the effect of a possible
future traffic diversion that would concern vessels passing Bornholm on their way to and from
the Gdańsk Bay.
Scope: The study covered the collision and grounding accident categories, and the geographical
area around Bornholm.
Methods: The work procedure was stated to be based on the IMO’s FSA guidelines. A workshop
was held to identify relevant hazards. Risk control options (step 3 of the FSA) were predefined
for this study. The risk of ship accidents was calculated for the situation before and after the
route changes. The expected frequency and consequences of several accident types, including
collisions (in head-on, crossing and overtaking situations) and groundings (due to imprecise
navigation or due to a lack of attention) were calculated. Accident models were based on the
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physical conditions of the area and input data from AIS ship movement records. The physical
properties of each vessel were added from Lloyd’s Register data. Modelled consequences
included loss of life, loss of assets (ship damage, ship loss, loss of revenue, loss of cargo) and
clean-up costs after oil spillage. Risk (scenario frequency time consequences was converted to
monetary units to provide a means of comparison) and for estimating benefits of averted
accidents in the cost-benefit analysis. Costs were combined with direct costs such as ship
operational costs (fuel and capital costs) and externalities resulting from increased emissions
due to longer routes. The direct costs were included only in the traffic diversion investigation,
because the traffic separation scheme had already been introduced before the study started. A
second workshop was held to validate and discuss the results. Conclusions from the second
workshop served as feedback to refine the risk model.
Results: The Traffic Separation Scheme was found to have had a significant risk reducing
effect. Expected accident costs were estimated to have decreased by 37%. This was attributed
to a strong reduction in head-on collision risk. The diversion of Gdańsk Bay traffic to different
routes based on vessel draught was estimated to result in a 6% drop in accident costs in the
areas north-east and south of Bornholm. Increases in direct costs due to longer routes,
including ship operation costs and externalities, were found to outweigh the reduction in
accident costs, and thus the diversion was not considered to be favourable. If the scope was
limited to accident costs alone, a slight benefit is shown.
Uncertainty: An uncertainty analysis was carried out assuming an increase in the distribution
of ship traffic to include more large vessels, as it is expected that the large vessel traffic will
increase between the Gdańsk/Kaliningrad/Klaipėda and the entrance of the Baltic Sea. This
resulted in an increase in risk due to an increase in average cost per accident.

2.1.5 Effects of proposed ship routeing off the Norwegian coast – Part 1 Røst to
Utsira
Oil transport from the Barents Sea in Russia has increased considerably since 2002 (Akhtar and
Jean-Hansen, 2009) and movement of these tankers along the Norwegian coast was identified
as a potential risk. The Norwegian Coastal Administration proposed a new ship routeing
measure with the aim of separating the traffic and routing the ships further from the coast to
reduce oil spills. The Institute of Transport Economics was commission to conduct a risk
assessment of this proposed ship routeing measure. The study was divided into two parts, the
first (Akhar and Jean-Hansen, 2009) of which assessed the route from Røst to Utsira.
Objective: The objective of the study was to carry out a risk assessment of a proposed ship
routeing measure off the Norwegian Coast from Røst to Utsira. The proposed risk reduction
measure was to route vessels with higher environmental risk potential, such as tankers and
heavy ship traffic over 5000 GT, away from the coastline to a designated new route. The main
goal of the study was to compare the accident probabilities and consequences with and without
the proposed routeing measure.
Scope: The study used ship traffic data from 2008 and forecasts for 2025. The primary focus of
the risk analysis was to assess the risk of oil spills per year. Accidents affecting the marine
environment were the focus of the risk analysis.
Method: Accident simulations and case scenarios were used to analyze the effects of the
routeing measure. The traffic data for the study was collected from the AIS, and the accident
and risk simulation programme MARCS was used to calculate accident and oil spill probabilities
and thus to assess the risk of oil spills per year. Statistical data, information on lanes, marine
traffic data, environmental data, and operational data was combined in the simulation. The
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accident probabilities and consequences were compared both for the present routes and for the
new proposed route by using existing traffic data for 2008 and the traffic forecasts for the year
2015. Two case scenarios were also studied to simulate the consequences of specific accidents.
An oil drift model as provided by the Norwegian Meteorological Institute Marine Forecasting
Centre was used to provide oil drift simulations for the cases. Cost benefit assessment was not
carried out as part of the study. Consequence assessment included estimates of oil spill
volumes in tonnes using the existing and proposed routes. Oil spill volumes were not converted
to a monetary value. For the two case study scenario areas, oil spill clean-up costs were
estimated based on experience from Norwegian oil spill operations. Costs used were 200 000
NOK per tonne of crude oil and 500000 NOK per tonne of heavy fuel. Emergency towing time
and tug boat response were also estimated for the two case scenarios for the existing and
proposed routes.
Results: The results from the study showed that substantial reductions in oil spill volumes
could be expected when traffic is transferred to the proposed route. The proposed routeing was
estimated to result in a reduction in oil and bunker spills from all vessels by 13% as of 2008
and 29% as of 2025. Further, the results indicated that very large spills would occur less often
and further away from the coast, thus resulting in a significantly reduced environmental impact.
A potentially negative consequence of the more distant route was that there could be a larger
coastline impact area. This was considered to be balanced by increased evaporation and
degradation of oil, and increased time available for response to the spill.
The proposed new route would lead to an increase in total ship miles travelled between Røst
and Utsira and thus increase the shipping costs. The study did not calculate the shipping cost
increases. It was stated that there was no access to sufficiently reliable unit cost data. However,
the ships travelling between the Norwegian ports would not be obliged to use the proposed
traffic separation scheme.
Uncertainty: It was stated that due to lack of sufficient details on costs and benefits, it was not
possible to determine whether the costs of the proposed routeing measure outweighed the
benefits. It was uncertained how many of the domestic ships would follow the proposed route,
as it would not be a requirement for them.
Other: The proposal was sent to IMO for consideration at the IMO MSC assembly in December
2010.

2.1.6 Åland Sea FSA Study
An FSA of the Sea of Åland area (VTT, 2010) was carried out as part of the Nordic BaSSy (Baltic
Sea Safety) project, partly funded by the Nordic Council of Ministers. The Åland Sea has been
recognised as one of the sea areas in the Baltic Sea with increased accident risk (VTT, 2010).
There is a lack of traffic routeing and surveillance in the area, and this, together with concerns
about safety levels, lead to the selection of the area as a case study in the BaSSy project.
Objective: The purpose of the study was to assess the effectiveness of proposed routing
measures, which would be supported by monitoring, reporting, and navigational assistance
systems. The overall goal of the systems is to increase maritime safety in the Åland Sea.
Scope: The focus of the study was on collision (ship to ship) and powered grounding risk for
ships of 300 gross tonnage and above. Leisure traffic was excluded from the study.
Method: Hazard identification was carried out using an expert workshop. Hazards generated in
the first workshop were prioritized in a later workshop. The BaSSy tool software was used to
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model risk. This software estimates collision and grounding frequencies based on historical AIS
data and estimation of the situational awareness of navigators in a range of situations. Bayesian
networks were used to estimate situational awareness. For the cost benefit analysis, both costs
and benefits were estimated in monetary terms. Costs consisted of implementation and
maintenance costs for the risk control options. Benefits included reduced costs due to averted
accidents. For estimated oil spills from accidents, only the struck ship was taken into account.
Different costs were used for oil combating at sea (€1670 per ton) and at shore (24828 €/ton).
Oil spill impacts on tourism, commercial fishing, and fish farming were also estimated. For ship
damage, repair costs were estimated at €837 900 for collisions and €366 060 for groundings
(based on Swedish Club H&M claim costs).
Results: The study concluded that the implementation of the proposed traffic separation
schemes and deep water route to the Åland Sea were highly recommendable. Implementation
of a ship reporting system, similar to the one used in the Gulf of Finland, was also found to be
recommendable.
Uncertainty: Only consequences for the struck ship were taken into account for the ship to
ship collision. This was considered to underestimate the calculation of benefits.
Additional: A new routeing system consisting of two-way traffic lanes, precautionary areas and
the deep-water route as well as the surveillance system were introduced in the Åland Sea on
January 1, 2010.

2.1.7 Risk assessment of vessel traffic in the Kattegat
Region Halland commissioned a study within the Baltic Master II project, to investigate the risk
of vessel traffic in the Kattegat and the possible impacts of an envisioned traffic separation
scheme. The Swedish Maritime Administration and the Danish Maritime Safety Administration
are considering proposing several traffic separation schemes along the Swedish coast in the
Kattegat to relieve pressure from the highly trafficked Route T by directing the traffic to/from
the Sound to a route closer to the Swedish coast. A summary of the study, carried out by SSPA
(Johansson and Molitor, 2011) follows.
Objective: The objective of the study was to carry out a risk analysis of the present traffic
situation in the Kattegat and of a potential future traffic separation scheme.
Scope: Accident types included powered groundings, drifting groundings, and ship to ship
collisions. Merchant vessels were the main focus, but fishing vessels and leisure craft are also
covered to some extent. The consequence investigation focussed on the coast of the Halland
area.
Methods: The study was primarily an assessment of navigational risks in the Kattegat. Hazard
identification was carried out using sea traffic, climate and environmental data. Collision and
grounding frequency calculations were carried out using the IWRAP mathematical software tool.
Information that served as input to the model included AIS data, wind statistics, and depth
curves. Estimates of times for an oil spill to reach shore were also calculated for the existing
and proposed routes using the IWRAP software tool.
Results: The probability for ship to ship collisions was estimated to be reduced for the traffic
separation scheme that was simulated, but it was stated that accidents will be moved closer to
the Swedish Coast. In addition, probability for groundings was considered likely to increase. For
a collision accident resulting in a spill, it was estimated that the oil would reach the coastline
more quickly from the proposed new route, so there will be less time to take care of the spill at
sea. The length of shoreline affected would be shorter, however.
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2.1.8 Summary
It is clear from the review of recent FSA studies in the Baltic Sea area that national authorities
are making use of cost benefit analysis in decision-making for measures to improve navigational
safety and reduce collisions and groundings within their territorial waters. Different techniques
and levels of detail are used for the studies but most follow a similar procedure. The IMO FSA
guidelines state that evaluation of costs and benefits can be carried out using various methods
and techniques, and the cost benefit assessment should be conducted for the overall situation
and for “those interested entities which are the most influenced by the problem in question”
(IMO, 2007a). Costs and benefits included in the FSA studies reviewed are shown in Table 2.1.
Benefits:
The benefits estimated for the studies reviewed, as shown in Table 2.1, have been calculated in
terms of reduced accidents and a reduction in the costs resulting from accidents. Benefits
associated with accident reduction have been estimated for three main categories: human
consequences, material damage, and environmental consequences. Accident reduction, in terms
of reduced probability of an accident, was calculated using models and simulations that had site
specific information, such as AIS data, as inputs. To quantify the reduction in accidents in a
monetary form, more generic values from the literature were most often used for human,
material, and environmental damage.
For human consequences, studies have used estimates of a statistical value of a life for
prevented fatalities. The Øresund study (Ramboll, 2006) used a value of USD 3 million, as
recommended in the SAFEDOR study (Skjong et al., 2007), and widely used in FSA studies
submitted to the IMO. The risk analysis of navigational safety in Danish waters (COWI, 2002)
used a value of 20 million DKK, which is approximately equivalent.
For material damage, the most common measure to include was ship repair costs. Some
estimates were based on insurance industry estimates and others included expert group
estimates. Some studies included estimates of loss of revenue and loss of cargo.
For environmental consequences of spills, estimate methods have varied. All of the studies used
spills of oil as the basis for the estimate, and did not consider other products, although chemical
transport and transport of dangerous goods does occur along the routes. Some of the studies
have taken a simplified approach and used only clean-up costs, while others, specifically the
VTMIS study for Finland (VTT, 2002) have included estimates for effects on fish populations,
fish farming, birdlife, seals, boating, tourism, etc. Costs used for clean-up per tonne of oil
spilled have ranged from the €10,400 per tonne used for the Finnish study (VTT, 2002), to an
early (2005) SAFEDOR estimate of $12,700 per tonne, to a maximum value of NOK 500,000
(equivalent to approximately €64,300 using an exchange of 1 NOK = €0.13) per tonne of heavy
fuel oil spilled used in the Norwegian coastline study (Akhtar and Jean-Hansen, 2009). It should
be noted that the final updated SAFEDOR study (Skjong et al., 2007) suggests an average
international value of 16,000 USD per tonne for clean-up costs and 24,000 USD per tonne for
other costs (environmental damage and socioeconomic), for a total cost of 40,000 USD per
tonne. The study notes that it may be appropriate to use regional values for specific studies if
data is available. SAFEDOR further recommends a value for risk acceptance criteria in terms of
“Costs of Averting One Tonne of Oil Spilled” (CATS), which is based on the total value with a
multiplier, denoted as insurance factor “F”. This CATS value was recommended to be set at
60,000 USD per tonne (Skjong et al., 2007). The Baltic Sea FSA studies tended to use
international “generic” values such as that recommended by SAFEDOR, or the €10,400 value
used in the Finnish study, which was a regional value recommended for Europe by Etkin (1999).
The Norwegian study (Akhtar and Jean-Hansen, 2009) used a clean-up cost based on
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experience for Norwegian oil spill clean-up operations. This study also used separate estimates
for crude oil and heavy fuel. If a future shift in bunker fuel takes place in the Baltic Sea area, to
allow ship operators to meet the SECA guidelines for sulphur emissions coming in to effect in
2015, new figures will need to be developed to estimate the effects of bunker fuel spills other
than heavy fuel oil.
Costs:
Cost estimates for risk control measures are often expressed in terms of life cycle costs, as
recommended by the IMO FSA Guidelines (IMO, 2007a). Examples of costs may include initial,
operating, training, and inspection costs. For the risk control measures investigated in the FSA
studies described previously, these types of costs would be incurred by the maritime
administrations responsible for implementing measures such as traffic separation schemes and
VTS centres. For most of the studies, direct implementation and operating costs over an
established life cycle were estimated. One study also included costs that would result from
longer routes as a result of a traffic separation scheme. Ship operational costs in terms of
increased fuel and capital costs, and societal costs (externalities) resulting from increased
emissions due to longer routes and higher fuel usage were estimated for the Bornholm study
(COWI 2008). Inclusion of these costs had a significant impact on the cost-benefit for one of the
traffic diversions considered, as it was considered marginally beneficial when only safety
considerations were included, but not recommendable when the direct and external costs were
included. The risk assessment of the proposed ship routeing measure off the Norwegian Coast
mentioned that the proposed new routes would lead to higher shipping costs but did not
quantitatively estimate these costs.
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Table 2.1 (page 1 of 2): Summary of selected FSA studies carried out involving partner
countries of the EfficienSea project, showing costs and benefits included.
Study

FSA Steps
Covered
All

Costs Included

Benefits Included

Direct costs for
implementing and
operating the RCOs
were included (widening
channel, dredging, VTS
centres). For VTS and
AIS, a 10 year lifetime
was used. 50 years was
used for physical
measures.

VTMIS system for
the Gulf of Finland

All

Equipment, installation,
and annual operational
costs of the system.

Navigational safety
in the Sound
between Denmark
and Sweden
(Øresund)

All

Reduction of accidents and
consequences:
• human (lost lives) (20
million DKK per statistical
life)
• ship repair
• lost revenue
• lost cargo
• environmental costs (oil spill
clean-up only, est. at 50000
DKK/ton)
(Costs of the above combined
estimated to be 500 million
DKK for a 400 ton spill,
equivalent to 1.25 million per
ton) 168,000 Euro per ton)
Measured in terms of reduced
costs due to collisions and oil
spills and included:
• Overhead cost of marine
and environmental
authorities (€402500 per
spill)
• Spill clean-up costs €10,400
per tonne
• Environmental damage
(includes effects on fish
populations, fish farming,
birdlife, seals, boating,
tourism, etc.) (formula that
considers spill volume).
Reduction of accidents and
consequences including:
• human (as fatalities): value
of life USD 3 million
• environmental (oil spill
clean-up only), used
SAFEDOR estimate of
$12,700 per tonne
• property (ship damage
only); average for insurance
company collision and
grounding claims

Risk Analysis of
Navigational Safety
in Danish Waters
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Table 2.1 (page 2 of 2): Summary of selected FSA studies carried out involving partner
countries of the EfficienSea project, showing costs and benefits included.
Study
FSA Steps
Costs Included
Benefits Included
Covered
Bornholm Sea
All (although
Costs due to longer
Reduction of accidents and
Traffic Risk Analysis for step 3, the routes:
consequences:
RCOs had
• Fuel costs and ship• Loss of life (Value of
been
owner capital and
Statistical Life (VSL) used)
• Environmental (oil spill
predefined)
operating costs
clean-up only), used
(estimated for various
SAFEDOR estimate of
ship types and sizes)
• External costs to
$12,700 per tonne
• Property (ship repair, based
society resulting from
increased emissions
on estimated damage, loss
(Costs for implementing
of earnings based on repair
the measures not
time (expert workshop) and
included)
daily capital costs
(Clarksons), or value of ship
if sunk
Proposed Ship
Step 2 (Risk
Costs were not
Reduction of oil spill accidents
Routing off the
Analysis)
calculated. It was stated and impacts on the
Norwegian Coast
primarily, for
that the longer routes
environment (estimated as
reduced volumes spilled). No
(Røst to Utsira)
the purpose of would result in higher
shipping costs, but this
monetary value was assigned
assessing a
single RCO.
would not be significant to the benefits.
Some
for “through traffic”,
Simulation of two case
qualitative
and it was uncertain
scenarios included clean-up
discussion of
about the percentage of cost estimates (based on a
costs.
domestic ships that
cost of 200 000 NOK per
would follow the route.
tonne of crude oil; 500000
NOK per tonne of heavy fuel).
Åland Sea FSA
All
Implementation and
Reduction of accidents and
Study
maintenance costs of
consequences:
RCOs.
• Environment (oil spill
combating costs: (€1670 /
ton at sea and €24828/ton
at shore).
• Ship damage costs
(€837900 for collisions and
€366060 for groundings)
• Lost tourism
• Impacts on commercial
fishing
Risk Assessment of Primarily Step Costs of risk control
Qualitative discussion of oil
Vessel Traffic in the 2 (Risk
measures were not
spill effects and comparison of
Kattegat
Analysis);
within the scope
time for spills to reach the
hazards
shoreline for the different
identified
alternatives.
throught data
review, Step 3
and 4
qualitatively
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2.2 Costs of Risk Control Measures
There are several risk control measures (RCMs) related to waterways that have been
implemented by national administrations in the Baltic Sea. Common and traditional RCMs
including pilotage, aids to navigation (AtoNs) and search and rescue (SAR) have been used for
hundreds of years while more recent RCMs have evolved since the 1950s and include oil
combating, traffic separation schemes (TSS), vessel traffic services (VTS) and ship reporting
systems (SRS). The responsibilities and administration for various RCMs differ as different
authorities and administrations in single countries are involved.
Risk control measures considered in this section are those aimed at merchant vessels and the
accident types collision, grounding and contact. They include services such as fairway activities,
Vessel Traffic Services (VTS), pilotage, and accident investigations. The coastal states of the
Baltic Sea have maritime administrations that are responsible for regulations concerning many
of the risk control measures, as well as operational responsibility for the measures.
Risk control measures implemented by the maritime administrations often apply to both
merchant vessels and leisure craft, and for some measures it is difficult to separate out the
costs for the merchant fleet. Although search and Rescue (SAR) is an essential RCM for the
merchant fleet, as a mitigation measure for reducing accident consequences, in most countries
the majority of SAR operations are directed towards leisure craft.
Obtaining costs for
operations directed only towards merchant vessels is not possible for some agencies. Similarly,
costs of oil spill combating by response agencies includes many intentional spills or spills
resulting from operations such as bunkering. Costs from larger spill accidents have been
estimated, but those for combating smaller operational spills are difficult to separate out from
the operational budget of agencies that deal with a majority of operational type spills. In some
countries, such as Sweden, responsibility for the clean-up of spills that are still “at sea” rests
with one agency (the Swedish Coast Guard), while clean-up of the shore line is the
responsibility of regional government agencies.
Costs of some risk control measures are borne by ship operators. For example, establishment of
a traffic separation scheme (TSS) is a risk control measure that can result in costs for ship
operators if longer journeys are initiated and extra fuel costs incurred (COWI, 2008). In addition
there are also societal costs resulting from additional emissions resulting from this extra fuel
use.
The following information related to national risk control measures is summarised and
presented in this section:
•
•
•
•

Responsibilities of various maritime administrations
Funding of national maritime administrations
Costs for various RCMs
Discussion of Effectiveness of the services provided by the RCMs

The costs for selected types of RCM related to reducing collisions and groundings, on a national
level, were compiled for selected countries in the Baltic Sea. This can be considered as an
indication of the national willingness to pay for various types of risk control measures. Financing
mechanisms differ in the various countries, and there are contributions via fees to ship
operators and owners.
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2.2.1 Sweden
The Swedish Maritime Adminstration (SMA) is responsible for maritime safety and operations.
The SMA provides the following services that help control maritime risk:
•
•
•
•
•
•

Pilotage
Fairway Services
Maritime traffic information
Icebreaking
Hydrography
Search and Rescue

Prior to 2009, the SMA also had responsibility for maritime safety inspectorate services and
some components of oil spill response. The maritime safety inspectorate service became part of
the Swedish Transport Agency on 1 January 2009. The Swedish Coast Guard is responsible for
cleaning up oil discharges at sea.
Funding of the SMA is intended to be covered, in general, from dues and tariffs on merchant
shipping. Some activities, however, in particular those that concern leisure craft, are financed
by the state.
Annual total direct operating costs for the main services provided by the SMA related to risk
reduction are shown in Figure 2.2.
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Figure 2.2 Swedish Administration Annual Costs for Oil Spill Response, Search and Rescue,
Maritime Safety Inspectorate, Ice-breaking, Waterway, VTS/SRS, and Pilotage 2000-2009
(thousands of SEK) (derived from Swedish Maritime Administration Annual reports)
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Pilotage services represent the largest operating costs. Regulations stipulate ships and routes
that require compulsory pilotage. The SMA also offers deep-sea pilotage. Pilotage is considered
to be a risk reduction measure that improves navigational safety, as it places an expert on the
local waters and their navigation on the bridge of ships. It could be considered to be largely a
preventative risk reduction measure. A large percentage of the pilotage costs are recovered by
pilotage fees.
The next largest cost category is that of fairway services. These include fairway maintenance
such as dredging to maintain fairway dimensions, and maintenance and installation of fairway
navigational markers such as buoys and lights. Maintenance of canals and lock systems are also
included under this cost category, as is hydrographic surveying. Establishment and maintenance
of the Automatic Identification System (AIS) network is also part of fairway services provided
by the SMA.
Icebreaking is another large cost category and is carried out both to reduce risks to ships and
also to ensure that winter shipping operates well. The SMA funds icebreaking through fairway
dues.
Maritime traffic information consists of services of providing information to the vessels and
monitoring vessel traffic. They are considered by the SMA to be important for meeting the
demand for high maritime traffic safety, increased environmental protection and efficiency of
maritime transport system. Vessel Traffic Services (VTS) operates in the coastal areas and has
as its primary task to provide information to vessels to minimise the risk of close navigation
situations, groundings, and collisions and thus reduce the risk of releases to the environment.
The ship reporting system (SRS) also has the function of providing information to other
countries on vessel movements, and collecting information on dangerous goods and hazardous
wastes.
Sea and air search and rescue is also provided by the SMA, and are referred to as the JRCC
(Joint Rescue Coordination Centre). Prior to 2009, the sea and air rescue were separate
services. Service is provided to both merchant vessels and leisure craft. Service provided here
are to mitigate the consequences of accidents.
Prior to 2009, the Maritime Safety Inspectorate was part of the Swedish Maritime
Administration. The Inspector carries out activities such as ship inspections, port state controls,
some types of ship certification, accident investigation, and testing bunker oils to determine
compliance with sulphur standards.
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2.2.2 Finland
Costs for risk control measures implemented by the Finnish authorities are shown in Figure 2.3.
Similar to Sweden, pilotage, waterway and fairway services, and ice-breaking account for the
majority of the costs.

Costs of Risk Control Measures in Finland
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Figure 2.3 Costs of risk control measures in Finland (Figure prepared by Kati Westerlund,
Finnish Maritime Administration)
Regarding oil spill response, there are 15 response vessels in Finland and a new response vessel
has recently been added to the Gulf of Finland area (Finnish Maritime Administration, 2008).
The icebreaker Kontio was leased by the European Maritime Safety Agency (EMSA) for a threeyear period starting in July 2010 to fulfil oil spill pollution prevention needs in the Northern part
of the Baltic Sea (Lamminsivu, 2010). According to a contract made at the end of 2009 oil spill
response equipment will be fitted on the icebreaker Kontio and she will serve as an oil response
vessel of EMSA in the northern parts of the Baltic Sea (Finnish Environment Institute 2010).
Finland’s environmental administration SYKE maintains oil pollution preparedness together with
Meritaito oy (Finstaship took care of the oil pollution preparedness until the beginning of 2010),
the Finnish Navy (which is a part of the Finnish Defence Forces) and the Finnish Border Guard.
According to 2008 statistics the annual costs of the nine fairway maintenance vessels of
Finstaship equipped with oil response devices were approximately 2 million euros. The two oil
response vessels of the Finnish Navy cost 0.5 million euros and the costs of the three patrol
vessels of the Finnish Boarder Guard were their operating costs (FMA 2008, Meritaito 2010).
In cases involving large oil pollution accidents, Finland will get assistance from its neighbouring
countries according to the contract signed in HELCOM. EMSA also has two oil response vessels
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operating in Danish territorial waters which are prepared to respond to oil pollution accidents in
the Baltic Sea (Finnish Environment Institute 2010).

efficiensea.org
Public

30

Part-financed by
the European
Union

3 Accident costs
3.1 Accident cost models
Accident cost information is important for estimating benefits of risk control measures that
reduce accident probability, as required for the cost-benefit step of the Formal Safety
Assessment procedure. A basic loss matrix for ship accidents, shown in Table 3.1, shows the
main categories of losses resulting from all ship accident categories that can be relevant for the
estimate. These are main consequences that result directly and that may be reported in
historical accident records. They are useful to consider when reviewing historical data and
attempting to identify significant accident types for specific ship types or areas.

Accident Type

Ship
accident
cost
£

Ship Accident Loss (£ per ship year)
Environmental
Risk to life
damage and
clean up
£/tonne x number of
Fatalities x
tonnes
£Xm

Risk of
injuries and
ill health
DALY x
£Y

Total cost

£

Collision
Contact
Foundered
Fire/explosion
Hull damage
Machinery damage
War loss
Grounding
Other ship accidents
Other oil spills
Personal accidents
TOTAL
DALY = Disabled Adjourned Life Years
(The World Health Report 2000; www.who.int)
Table 3.1. Example loss matrix for ship accidents (source: IMO, 2007a)
When considering the accident categories collision, contact and grounding, consequences can
result in impacts on humans (crew, passengers, and third parties), ships, the environment,
industry, and the waterways and their future use, as shown in the model in Figure 3.1. Ship
owners, government services such as search and rescue providers, spill response agencies,
fairway maintenance, and accident investigation services may all incur direct costs as a result of
accidents. If environmental damage occurs, there will be many indirect costs to other users of
the resource, including tourism and recreational users.
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Figure 3.1. Simplified model of accident consequences that can result from collision, contact,
and grounding accidents (M. Lundkvist, 2010).
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The Finnish Maritime Administration recently released a study “Costs of vessel traffic accidents”
(FMA, 2008, in Finnish), where the evaluation model for costs of collision, contact, and
grounding accidents shown in Figure 3.2 was used.

Dangerous
situation

Accident
•
•
•
•
•
•
•

Grounding
Collision
Fire
Explosion
Sinking
Capsizing
Vessel collision

Effects on

People

Property
Close call

Environment

Others

Effect/cost

Death
Injuries of various extents

Reparation and docking
Salvage (towing, pilotage, costs
of port of refuge, shifting of
cargo)
Cargo damages
Infrastructure (fairway markers,
bridges, quays etc.)

Oil pollution response
Fishing and fish farming
Travelling
Recreational use
Values of nature
Esthetical harms

Delayed supplies
Losses of freight incomes
Losses of customers
Authority services
Accident investigation
Legal expenses

AVERAGE
ACCIDENT
COSTS

Figure 3.2 Accident cost evaluation model used in Finnish Maritime Administration study
(translated from FMA, 2008).
Accident reports and accident databases provide information on accident consequences for
some of the more direct impacts, as discussed in the following sections.

3.2 Consequence/cost information from accident investigations
There are several major accidents that have taken place in the Baltic Sea (HELCOM, 2009) over
the last few decades.
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Helcom (2009) reported that 7% of accidents reported in the Baltic Sea over the period 2000 to
2008 resulted in pollution.
Accident investigation reports have a stated main purpose of improving safety at sea. Although
the focus is clarifying the sequence of events, and identifying causes and contributing factors,
they also provide information on consequences. Some also provide limited information on costs,
or information that may be used to estimate costs. Authorities responsible for accident
investigation reports and the type of consequence information included in accident reports for
some of the countries in the study area are shown in Table 3.2.
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Table 3.2 Authorities responsible for accident investigations reports in selected Baltic Sea
countries (plus Norway).
Country
Denmark

Authority
Danish Maritime Authority

Consequence Information
• Human: Fatalities and injuries
• Environmental: Description of amount and
type of material spilled, response actions
• Material Damage: Description of damages

Finland

Accident Investigation Board
Finland

• Human: Fatalities and injuries
• Environmental: Description of amount and
type of material spilled, response actions
• Material Damage: Detailed description of
damages, some reports included estimates of
repair costs, others provided information on
amount of steel replaced and time required to
make the repairs
• Other: Examples of “other” consequences
reported included amount of time the ship
was out of service and costs for repairing
damaged navigational markers

Germany

Federal Bureau of Maritime
Casualty Investigation

• Human: Fatalities and injuries
• Environmental: Description of amount and
type of material spilled, response actions
• Material Damage: Description of damages, in
some cases very detailed.

Norway

Norwegian Accident
Investigation Board

• Human: Fatalities and injuries
• Environmental: Amount of oil spilled,
description of response action, qualitative
information on environmental damage. The
report for the Crete Cement accident included
an estimate of the response action cost.
• Material Damage: Description of ship damage,
also sometimes mention of cargo damage

Estonia

Estonian Maritime
Administration, Marine
Casualties Investigation
and Maritime Safety
Development Department

• Human: Fatalities and injuries
• Environmental: Description of amount and
type of material spilled, response actions
• Material Damage: Detailed description of
damages, information from surveyor’s report

Sweden

Swedish Transport Agency,
Maritime Department,
Maritime Investigation Unit

• Human: Fatalities and description of injuries
• Environmental: Description of amount and
type of material spilled, response actions
• Material Damage: Description of damages,
including diagrams and photos
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Some examples of the type of consequence information that is provided in the investigation
reports for some specific accidents are as follows:
Sweden: A chapter in each accident report describes damages resulting from the accident. The
information provided is usually qualitative, and consequence categories covered are human,
environmental, and material damage (ship). Ship damage descriptions usually include
photographs and diagrams, and at times an indication of necessary repair time is given.
Examples from recent reports, illustrating the type of information reported for consequences,
are as follows:
•

Grounding of the Chemical Tanker Chantaco: The grounding occurred after the ship
dragged anchor during a period of high winds in November 2010 (Swedish Transport
Agency Maritime Investigation Unit, 2011). The investigation report stated that there
were no personal injuries or environmental consequences resulting from the accident.
Ship damage was described qualitatively, and included a diagram showing location of a
crack and a hole, respectively, where two ballast tanks were penetrated.

•

Release of marine diesel oil from the roro vessel Finneagle: A marine diesel oil day tank
on the deck of the Finneagle was overfilled in March, 2009, resulting in a release to the
marine environment (Transportstyrelsen, 2009). The section of report describing
consequences stated that 5000 litres of marine diesel oil was released to the
environment during the journey between Ålands and Åbolands archipelago, as well as
during the approach and arrival at Nådendals harbour. The report stated that it was not
possible to implement oil spill combating measures and that the release was not known
to cause damages to persons, the environment, or animal life.

•

Grounding of the fishing vessel Tunafjörd: The vessel leaked diesel oil after grounding in
November, 2007, and the accident report described how this release was managed by
the Coast Guard using booms (Sjöfartsinspektionen, 2008). No detailed information on
time required to manage the spill or approximate costs were provided.

Denmark:
Accident reports produced by the Danish Maritime Authority’s Division for Investigation of
Maritime Accidents provide information on consequences to humans, the environment, and the
ship, similar to that provided by the Swedish Transport Agencies. Some examples of the
consequence information provided for specific accidents are as follows:
•

•

Oil spill during bunkering of VIRGINIABORG: The Virginiaborg began leaking heavy fuel
oil while bunkering heavy fuel oil from the bunker tanker Dana off Skagen, Denmark in
October 2008. Oil leaked out through a crack resulting from a previous contact accident,
which had been judged to be minor damage (Danish Maritime Authority, 2008). It was
estimated that 400-500 litres of heavy fuel oil leaked out. Oil combating measures taken
were described, but there was no cost estimate for the clean-up. In addition there was
no indication of any environmental damage.
Sea Venture II grounding and oil spillage, 21 January 2005: The Sea Venture II
grounded on the way from Kerteminde to Kalundborg Fiord in Denmark, and a spill was
discovered (Danish Division for Investigation of Maritime Accidents, 2005). The report
summary did not provide information on the amount spilled or consequences. A later
report (Madsen, 2007) described how oil from the spill may have moved below the sea
service, so oil was not observed from the oil or sea surface. However, oil and
approximately 4,000 oil-covered diving birds were observed in different places along a
50 km stretch of shoreline.

Germany:
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The German Federal Bureau for Maritime Casualty Investigation’s summary investigation
reports provide information on human, environmental, and ship damage consequences. Some
examples of the consequence information provided are as follows:
•

•

•

Collision west of Skagen, Denmark, involving the MV Frisia Rotterdam and the MV
Cleantec, 13 December, 2010: The accident report stated that there were neither
injuries nor environmental pollution resulting from the accident (Federal Bureau for
Maritime Casualty Investigation, 2011). Damage to the ships was described qualitatively,
with photographs provided. There were no estimates of repair time or time out of
service.
Collision of the MV SCHLESWIG-HOLSTEIN with the Skanseodde Lighthouse in Fredericia,
Denmark, on 31 January 2008: The accident report for this serious marine casualty
provided extensive information on ship damage, as provided by the surveyor acting on
behalf of the hull underwriter (Federal Bureau for Maritime Casualty Investigation,
2009). Necessary repairs, including amount of steel required, were noted in a detailed
fashion. Cost estimates for the repairs were not provided. No human or environmental
consequences were noted.
Capsizing of the MV Rocknes on 19 January 2004, south of Bergen, South Norway: This
very serious marine casualty resulted in the death of 18 crew members, release of fuel
which polluted the coastline, and extensive ship damage (Department of Marine Services
and Merchant Shipping Antigua and Barbuda W.I.). The report did not provide an
estimate damages in terms of costs. For the environmental pollution, it was stated that
the Norwegian Coastal Authority collected a total of 1,291 tonnes of emulsified seawater,
which was determined to be equivalent to 227.5 tons of IFO 380. It was stated that the
exact quantity of oils and other lubricants spilled were not known, nor was the amount of
loss and damage resulting from this. A submission by Norway to the IMO in 2010 (IMO,
2010) estimated the total cost resulting from the spill were USD 45,390,000.

Finland: The Finland Accident Investigation Board reports provide information on consequences
including injuries and human consequences, ship damage, environmental damage, and other
damages where applicable. Ship damage consequences from recent reports has for some ships
included an estimate in monetary terms of the repair costs. The report section “other damages”
has included in some cases the amount of time the ship was out of service. In the case of a ship
hitting a navigation mark (M/T Crystal Pearl described below) the estimated costs for repairing
the damaged marker were included. Examples of the consequence information included in
selected reports are provided as follows:
•

•

•

Collision between the M/V GLOBAL CARRIER and M/V ECOSTAR (moored alongside) in
Oxelösund, Sweden on 27 February 2010: The report by the Finland Accident
Investigation Board (2011a) described consequences in terms of injuries to persons
(stating that there were none) and damage to the ships. It was stated that repair costs
for the M/V Global Carrier were around 220,000 Euros, excluding hire costs. The length
of time at the repair yard was also provided – March 7 to March 30th. Repair time for the
M/V Ecostar G.O. was also provided, as well as an estimate of amount of steel replaced,
but no monetary value was provided.
Grounding of the M/V EMSRUNNER off Kalajoki on 11 December 2009: The report stated
that there were no physical injuries, leaks, or environmental damage. The ship damage
was described and the repair costs were estimated by the investigators to amount to
approximately €330,000 (Finland Accident Investigation Board, 2011b).
Ramming of the navigational marker, “edge mark”, by the M/T Crystal Pearl on 26
January 2009: The edge mark was rammed while the vessel was under pilotage,
resulting in damage to the vessel and the edge mark (Finland Accident Investigation
Board, 2011c). The report stated that there were no injuries resulting from the accident,
and described the damage to the ship. It was also stated that the vessel was required to
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unload its cargo prior to proceeding to the repair yard. The repair cost estimates were
not provided. Other consequences described in the report included damage to the edge
mark, which was estimated by the Finnish Maritime Administration to require repairs
costing around €500,000.
Estonia: Categories of consequences described in reports by the Estonian Maritime
Administration Marine Casualties Investigation and Maritime Safety Development Department
include human, environmental, and ship damages. The report on the grounding of the MT
Pacific Empire in Muuga Bay on 2 January 2010 (Estonian Maritime Administration Marine
Casualties Investigation, 2010) described damages to the ship in detail, as extracted from a
surveyor’s report. The report also stated that there were no crew injuries or damage to the
environment resulting from the accident. Estimation of consequences in monetary terms was
not provided.
Norway: The Accident Investigation Board of Norway is an independent body of inquiry for
transport accidents. Recent reports for maritime accidents provided information on the following
categories of consequences: personal injuries/fatalities; damage to the ship; and environmental
damage. Examples of consequence information provided from a few recent grounding accident
reports are as follows:
•

•

Grounding of the Federal Kivalina at Årsundøya, Norway, 6 October 2008: The report
stated that there were no physical injuries or oil spills resulting from the grounding
(Accident Investigation Board Norway, 2010). The physical damage to the ship was
described, and the amount of steel to be replaced was provided.
Grounding of the Crete Cement at Aspond Island in the Oslo Fjörd on 19 November
2008: The vessel ran aground while under pilotage and sustained extensive damage.
Significant flooding of the vessel occurred and it was beached and evacuated (Accident
Investigation Board Norway and Bahamas Maritime Authority, 2010). The flooding
resulted in damage to the ship’s equipment and cargo. It was estimated that between
3.5 and 4 tonnes of oily slops were collected from the coastline. Oil-spill response action
was described to include removing bunker from the vessel, deploying booms, collecting
oil from inside the booms and collecting oily slops and oil emulsion along the coastline.
The report stated that although the exact cost of the response action was not clear, it
“will probably lie somewhere between NOK 15 million NOK 25 million” (Accident
Investigation Board Norway and Bahamas Maritime Authority, 2010).
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In summary, the main categories of consequences covered by the accident investigation reports
reviewed included human (fatalities and injuries), ship damage, and environmental damage.
Most did not provide information in economic terms, with the exception of Norway, which
provided estimates of clean-up costs, and Finland, which provided ship repair costs in a few
cases.

3.3 Costs derived from accident databases
Some accident databases contain brief consequence descriptions which directly or indirectly
may be used to roughly estimate the present value of accumulated monetary costs. Costs might
also be roughly estimated by combining the state of parameters such as ship size, cargo and
accident type. Bottom characteristics are interesting in grounding and collision angles and
relative speed in collisions. Table 3.3 below indicates the time period and the parameters that
are registered within identified databases.
Table 3.3 Accident databases and their coverage of various categories of accident information.

Parameter
Authority

Denmark
DMA

Finland
FMA

Germany
BSU

Norway
NMD

Sweden
STA

HELCOM
HELCOM

Period
Ship

1996Type, IMO
number,
damage
description

1985Type,
size,
length,
age,
damage
Spill
volume

1989Type, size

Indicate
pollution
from cargo
or bunkers

2004Type,
Vessel
particulars,
damage
(Y/N)
Pollution
occurred
(Y/N)

1981Type, size
and age,
damage

Environment

1995Type,
size,
length,
age,
damage
Spill
volume

Industry

Cargo
Ship size

Cargo
Ship size

Ship size

Cargo
Ship size

Cargo

Human lives

Injured
and
deaths
Yes

Injured
and
deaths
Yes

Injured
and deaths

Separate
database

No

Yes

Yes

Injured
and
deaths
Yes

Description
of event

Pollution
(Y/N),
type of
pollutant,
quantity,
UN
number
Cargo
Ship size

Type of
pollution

N/A

IHS
IHS
Fairplay
1960 Type,
vessel’s
main
parameters,
damage
Pollution
occurred
(Y/N)

(containers
lost/cargo
damage)
Deaths,
injured,
missing
Yes

The European Maritime Safety Agency has also recently developed a database, the European
Marine Casualty Information Platform (EMCIP). EMCIP consists of a database which is managed
by EMSA. The data is provided by the competent national authorities. The data is to be used for
safety related purposes only. As the database receives input from the national authorities, it has
the same type of consequence information as described above for the national databases.
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3.4 Environmental Costs of Accidents
Considerable focus has been placed on estimating the costs resulting from an oil spill. A
summary and evaluation of methods to estimate the costs of consequences resulting from an oil
spill was prepared by Nyman (2009). The main general categories of costs associated with spills
are clean-up/response costs, environmental damage, and socioeconomic effects.
As described in the review of FSA studies in Section 2.1, most estimates of environmental
damage for Baltic Sea studies used clean-up costs based on international average values. Actual
historical values show that there can be considerable variation in clean-up costs per cubic metre
spilled. Spill clean-up costs can vary due to a number of parameters. Spills that have reached
shore can be much more expensive to clean up than those that are cleaned up at sea, for
example.

3.4.1 Clean-up costs for spills in Swedish Waters
A review of Swedish coast guard data for clean-up cost estimates for spills greater than 38 m3
by Forsman (2005) states that there is a difference of a factor of 10 per unit clean-up cost. The
most expensive spills to clean up were for uneven coastline in island areas, compared to lower
cost clean-ups where large volumes can be cleaned up at sea, and where there are relatively
straight coastlines. The range in clean-up costs per cubic metre spilled for Swedish waters for
the period 1996 to 2002 is shown in Table 3.4.
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Ship Name /
Source
of
spill
Tanker
Tanker
Passenger ship
M/S
Poul
Anker

Incident Date

Incident Location

Type of Oil

December
1986

21,

Fuel oil No. 5

September
1987
December
1989

11,

Gulf of Bothnia 10 M
East of the town of
Gävle
Kattegat 200 M east
of Göteborg
Blenheim's lighthouse 11 n.m. southeast of the town of
Trelleborg in
southern Sweden
20 n.m. southeast of
the town of
Karlskrona in
southeastern Sweden
South of the town of
Helsingborg in
southern Sweden
East of the island of
Tjörn on the Swedish
west coast
11 n.m. north of
Väderöbod on the
Swedish West Coast
South of the town of
Falkenberg on the
Swedish west coast
15 n.m. southwest of
the island of
Måseskär on the
Swedish West Coast
North of the town of
Helsingborg in
southern Sweden
Husum harbour area
close to the city of
Örnsköldsvik in
northern Sweden
Southern part of the
Sound in southern
Sweden
20 n.m. south of the
town of Ystad in
southern Sweden

25,

Volgoneft 263

May 14, 1990

M/V Peruvian
Reefer

April 4, 1991

Unknown

Sept. 1, 1991

Unknown

Jan. 29, 1992

Unknown

Mar. 17, 1992

Unknown

Aug. 11, 1994

M/T Auce

Sept. 29, 1994

M/S Kreva

Mar. 13, 1995

M/S Hual
Trooper

Oct. 12 1995

Unknown

August
2001

21,

Volume
Spilled
(m3)
100 - 200

Total Cleanup Costs
(US$)
1,000,000

Cost
US$/m3

400

13,000,000

32,500

50

120,000

2,400

1000

3,000,000

3,000

50

600,000

12,000

100

150,000

1,500

40-50

15,000

333

Heavy fuel oil

200

500,000

2,500

Heavy fuel oil

40

35,000

875

Gas oil

50

140,000

2,800

Diesel fuel oil and
heavy fuel oil

100

2,000,000

20,000

Heavy Fuel Oil

180

1,000,000

5556

Heavy Fuel Oil

80

350,000

4375

Venezuela
crude
oil
Marine diesel fuel

Waste oil

Marine
Intermediate Fuel
Heavy fuel oil
Unknown

6,667

Table 3.4 Oil Spills Larger than 38 m3 (10,000 US gallons) occurring in Swedish Territorial
Waters 1986 – 2002 with clean-up cost estimates (Adapted from Looström, 2003, with
estimates added for cost/m3)

3.4.2 Spills in Norwegian Territorial Waters
For the period 1981 to 2009, a total of 17 accidents resulted in a release of oil of more than 10
tonnes in Norwegian territorial waters (IMO MEPC, 2010). One accident involved release from
an oil tanker; the rest were spills of bunker oil. Grounding accidents together contributed to
39% of total oil released during this period, while foundering accidents accounted for 48% of
the volume (IMO MEPC, 2010). One large operational release in 1982 resulted in 13% of the
total volume. Total costs were estimated for each spill and included clean-up expenditure and
claims paid for compensation. It was noted that compensation costs included monetary losses
and property damage for users including fisheries and tourism. Values did not include
degradation of the marine ecosystem or long- term socio-economic effect. A regression analysis
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carried out by Norway showed that there is a strong relationship between oil spill cost and size,
and a value of 68,911 USD/ton was considered to represent a lower limit for total oil spill cost
(IMO MEPC, 2010).

3.4.3 US EPA Basic Oil Spill Cost Estimation Model
A number of factors have been identified by various sources as influencing costs and
consequences of an oil spill. Etkin (2004) identifies the following spill specific factors:
• spill amount
• oil type
• response methodology and effectiveness
• impacted medium
• location-specific socioeconomic value
• freshwater vulnerability
• habitat/wildlife sensitivity
• location type
The United States Environmental Protection Agency (EPA) Basic Oil Spill Cost Estimation Model
(BOSCEM) was developed to provide a methodology for estimating costs that are based on
these factors. As shown in Figure 3.4, significant input is required about the specific spill (oil
type and spill size) and local conditions and sensitivities.
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Figure 3.3 EPA BOSCEM Model showing interrelationships between oil spill base costs and
modifiers (source: Etkin, 2004).

3.5 Accidents in the Baltic Sea Area
Data on shipping accidents in the Baltic Sea area has been collected and reported since 2000 by
the Helsinki Commission (Helsinki Commission, 2005). In 2004 a new reporting format was
brought in to use, so data prior to this is not directly comparable. Thus, the subsequent
discussion of maritime accidents in the Baltic Sea area references data from 2004 to 2009.
From the period between 2004 and 2009 there have been a total of 773 accidents in the Baltic
Sea HELCOM area. Accidents occurring in the categories collision, contact, fire, grounding,
pollution, and machinery damage are shown in Figure 3.4. The categories collision, contact, and
grounding are the most common, representing on average 74% of all accidents during the
period. Other accident categories not shown include “other”, “sunk”, “pollution”, and “technical
failure”, and together represent 12% of all accidents.
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Figure 3.4 Number of accidents in the categories pollution, machinery damage, grounding, fire,
contact, and collision in the Baltic Sea HELCOM area for the years 2004 to 2009 (developed
from HELCOM reports on shipping accidents in the Baltic Sea (2004 to 2009)).

3.5.1 Costs estimate for ship damage
Costs for ship damage resulting from accidents can be estimated from marine insurance
statistics, which are summarised for vessel type and size (gross ton size group), accident type
(claim type), vessel age, and other parameters. The Nordic Association of Marine Insurers
(Cefor) represents marine insurers in the Nordic countries. In 2009, Cefor covered 14% of the
global marine hull premium, thus the data represents a selection of ships with Nordic insurance
underwriters, and is not representative of the whole world fleet.
Cefor provides statistical data for two main ship groups. The first is marine hulls, which includes
vessels with an IMO number (propelled, seagoing commercial vessels of 100 GT and above) and
excludes “small coastal tonnage”. The “coastal hull” report includes statistics for vessels less
than 5000 GT and a length less than 15 metres. The statistics from Cefor “are pure hull
statistics and EXCLUDE Loss of hire, hull and freight interest and building risk” (Cefor, 2010).
Thus only the hull and equipment costs are covered. Types of casualties used in the Cefor data
include collision, contact, engine, fire/explosion, grounding, heavy weather, and ice. On the
basis of type of casualty, fire/explosion results in a higher average claim cost per type of event,
as shown in Figure 3.5, for coastal hull claims. The next highest average claim cost is for the
combined category of collision, contact and grounding. The marine hull claims also have
fire/explosion as the most expensive type of casualty on average, followed by “collision,
contact, and grounding”. As the marine hull claims are larger vessels, the average claims are
higher. Cefor statistics show that average claim per vessel increases with increase in vessel size
as gross tonnage.
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Average claim amount per type of casualty (USD 1,000)
by date of loss
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Figure 3.5: Average claim amount per type of casualty (USD 1,000) by date of loss, coastal
(Cefor, 2010)
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Figure 3.6: Average claim amount per type of casualty (USD 1,000) by date of loss, Marine
(vessels with an IMO number) (Cefor, 2010)
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Costs in terms of hull claims can be estimated for the accidents in the Baltic Sea HELCOM area
using number of accidents per type combined with an average claim cost per accident type from
Cefor. Average claim costs per type of casualty for the specific years 2004 to 2009 were
multiplied by number of accidents per year for the HELCOM area to determine the most
expensive accident types, in terms of hull claims, within the area. The HELCOM accident data
includes tankers over 150 GT and all other ships over 400 GT, irrespective of whether there was
pollution reported. The smallest vessel size reported for the period 2004 to 2009 was 500 GT.
Sixty percent of vessels were in the size range 500 to 5000 GT, and 40% were within the size
range 5001 to 64,000 GT. The average GT of vessels was 9860, and the median value was
3730 GT. There were only two vessels with a GT greater than 64,000. It was considered most
appropriate to use the average claim costs for marine vessels as all vessels were within the size
range requiring an IMO number.
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Figure 3.7 Estimate of total hull claim costs per year (USD 1000) by type of accident in the
Baltic Sea HELCOM area (developed from number of accidents from HELCOM reports on ship
accidents, and Cefor average cost claim data (2010)
Grounding accidents resulted in the highest total cost per year for hull claims, as shown in
Figure 3.7. Fire and collision costs were the next largest categories, while costs from contacts
were quite low. There were a larger number of contact accidents per year than fire accidents, as
shown in Figure 3.4, but the average hull claim resulting from a contact accident is quite low.
Looking strictly at number of accidents, as shown in Figure 3.4, does not give a full picture of
the overall consequences. Although fire/explosion accidents are a relatively small percentage of
total accidents, they account for quite costly hull claims. It is important to note that the figure is
an estimate using average costs for accident categories, as individual costs for the accidents
were not provided in the database. It gives an indication, however, of the relative importance of
each accident category in the Baltic area in terms of ship damage.
The spatial distribution of accidents by hull claim cost is shown in Figure 3.8. Hull claim costs
per accident, as estimated using HELCOM information for accident location, GT, and type; and
Cefor data for average accident cost type by GT category were used to plot accidents by hull
claim cost and location in the Baltic Sea.
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Hull claim costs (USD)
• 0 – 49 459
• 49 460 – 250 360
• 250361 – 295 562
• 295 563 – 11 934 236

Figure 3.8: Estimated hull claim costs for accidents reported in the Helcom accident database,
2004 to 2009, shown by location, estimated using Cefor data (Cefor 2009).

3.5.2 Baltic Sea Pollution Events
Of the 773 accidents recorded in the HELCOM Baltic Sea area for the 6-year period between
2004 and 2009, 49 or 6% were reported to result in pollution (releases to the water). The most
common designation of accident category for these accidents resulting in pollution was
“pollution”, which is not a type of ship casualty but rather is used to refer to a pollution incident
resulting from an operation such as fuel transfer or cargo activity. The “pollution” category
accounted for 47% of accidents resulting in pollution in the Baltic Sea area, as shown in Figure
3.9. Of the identified ship casualty types, collision, contact, and grounding were each associated
with five pollution events. Machinery damage resulted in three cases of pollution, sinking
resulted in two, and fire in one.
Costs resulting from pollution incidents are not included in the HELCOM database. Information
from other sources for the more recent years shows that even the relatively small spills
generated a response that involved deploying booms to protect areas and collection of oil/water
mixture. This indicates costs were incurred by oil spill recovery groups. For example for the 10
pollution incidents recorded in 2009, eight noted recovery of oil and/or use of booms in advance
to protect areas. Of nine incidents in 2008, recovery and response activity were noted for
seven. For some of the larger previous spills in the Baltic Sea area (occurring prior to 2004),
there has been some documentation of short-term and long-term environmental effects, as
noted in the following section.
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Figure 3.9: Type of accidents resulting pollution in the Baltic Sea, 2004 to 2009 (compiled from
HELCOM accident data).

3.5.3 Short-term and long-term environmental effects of major oil spills in the Baltic
Sea
From the period 1988 to 2003, five major oil spills have resulted in an outflow of more than 100
tons of oil in the Baltic Sea area, as reported by the Helsinki Commission (2011), as listed in
Table 3.5. In the year 2004, there were 2 accidents involving barges recorded in the HELCOM
database that resulted in the release of 220 tonnes of MDO and 140 tonnes of fuel oil
respectively. From 2005 to 2009 there were no spills involving oil that were greater than 12
tonnes. There was a larger spill of gasoil in Denmark in 2009 but it was reported that the gasoil
was too thin to be collected and evaporated within two days.
Table 3.5: Major oil incidents in the Baltic Sea 1988 - 2003 resulting in an outflow of more than
100 tons of oil (Source: Helsinki Commission 2011).

Year
2003
2001
1998
1995
1990

Name of Ship
Fu Shan Hai
Baltic Carrier
Nunki
Hual Trooper
Volgoneft

Tons of oil spilled
1200
2700
100 m3
180
1000

Location
Bornholm, Denmark/Sweden
Kadetrenden, Denmark
Kalundborg Fjord, Denmark
The Sound, Sweden
Karlskrona, Sweden

The Baltic Sea is considered to be a unique and sensitive habitat. It is a semi-enclosed water
body with “slow exchange of water, minimal tides and low sediment circulation” (Fejes, 2008).
The water is brackish, meaning it has less salinity than seawater but more than freshwater.
Species living in the Baltic Sea have been shown to have increased sensitivity to chemicals
(Fejes, 2008). It is thus important to consider the specific effects that have been observed for
oil spills in this area as they will differ from impacts in other seas and water bodies.
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A summary of the information on the short-term and long-term effects of major spills in the
Baltic Sea on biota is as follows:
Fu Shan Hai
Short-term effects from the Fu Shan Hai were noted to be that 1100-1600 seabirds were killed,
“mainly auks and eiders” (oiledwildlife.eu, accessed 2011). No further information on short or
long-term effects from this spill was found. It was noted that over 70% of the spilled oil was
recovered at sea (Räddningsverket, 2004). Clean-up efforts were carried out over 36.3 km of
coastline (Räddningsverket, 2004).
Baltic Carrier
Effects on sea birds, fish, water, sediment, and biota were reported. Short-term effects of this
spill on sea birds were considerable in the Grønsund area of Denmark. A colony of herons was
reported to be halved from 100 to 50 pairs and 600 birds on a nearby island disappeared and
were presumed dead (Fejes, 2008). It was estimated that up to 20,00 birds were killed, but
only 1,750 were actually collected (Fejes, 2008). Shrimp, eel, and flounder were reported to
show elevated levels of PAHs and B(a)P-toxic equivalents in the short term. Pécseli et al. (2003)
reported that the level of polycyclic aromatic compounds (PAC)s were elevated in blue mussels
and shrimps, but decreased after the first year following the spill. The levels in shrimp
decreased by a factor of 10 – for the blue mussels, the rate of decrease was slower.
No long term effects from the Baltic Carrier spill have been noted (Fejes, 2008). Sampling was
carried out in September 2002, May-June 2003, and November-December 2004, with a final
examination in 2006 (Fejes, 2008). The oil content in the sediment was back to normal in 2003,
and for the blue mussel, the oil content was back to background levels in 2003 and 2004 (Fejes,
2008).
Nunki
No information on short-term or long-term effects from this spill could be found.
Hual Trooper
Looström (2003) reported that “minor shoreline contamination” resulted from this spill. The
volume of oil recovered was reported to 170 m3 of a total spill volume of 180 m3 of heavy fuel
oil. Thus it could be anticipated that there would not be long-term effects.
Volgoneft
Environmental damage resulting from the spill was reported to be “some shoreline
contamination” and “minor impact on sea birds” (Looström, 2003). A spill volume of 1000 m3
was reported, and 950 m3 was noted to have been recovered in response operations (“mostly at
sea”). Despite the fact that most of the oil was recovered before it reached land, damages on
beaches totaled approximately 1.7 million SEK (Räddningsverket, 2004). It was not specified
what was included in this damage estimate, or whether it represented only the cost of cleaning
the beaches by the land-based response groups. The cost for the Swedish Coast Guard’s cleanup efforts was stated to be 17 million SEK (Räddningsverket, 2004). No information on longterm effects of this spill was found.
Other: Oil spill impacting Keibu Bay, Estonia in 2006
An oil spill of approximately 40 tons of heavy fuel oil occurred in January 2006 and affected
more than 30 km of the north-west coast of Estonia (Kreitsberg et al., 2010). The source of the
spill was not reported. It was estimated that about 10 tons of the heavy oil was stranded on the
shores of Keibu and Nõva Bays (Kotta et al., 2008). 10,000 to 30,000 birds were reported to
have died as a result of this spill (Kreitsberg et al., 2010). Kotta et al. (2008) describe the
results of nearshore benthic invertebrate sampling and analysis conducted immediately after
the spill and again after approximately one year. They stated that in general the spill initially
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had a significant effect on the variability of the benthic invertebrate community, with varied
impacts among different feeding group types. The invertebrate community, however, was found
to be fully recovered within 1.5 years after the spill, as evidenced by studying matched pairs of
oiled and reference sites. Sampling of flounder fish to quantify residues of polycyclic aromatic
hydrocarbons (PAHs) following the same spill was carried out in 2006, 2007, and 2008 and
described by Kreitsberg et al. (2010). They concluded that the oil caused moderate harm to the
fish but there was no evidence of large-scale deaths in the polluted areas. They noted that
there was considerable decrease in the PAH concentrations in fish liver over the sampling
period, but that contamination remains in that areas of the Baltic in the form of oil buried under
a thin layer of sediments.

3.5.4 Summary of information on spill effects in the Baltic
Information on both short-term and long-term effects of oil spills in the Baltic Sea area is quite
limited. The Baltic Carrier spill and the Estonian spill are the only ones where information on
longer term monitoring was found. Fejes (2008) states that there is more literature on the
short-term effects of oil spills than on long-term effects, and the past monitoring of spills in the
Baltic Sea appears typical in that regard. Estimating effects of spills, and coupling this to
benefits of measures to reduce spills, is difficult based on historical spill data. Previous data
shows varied effects depending on the location within the Baltic.
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3.6 Costs of Vessel Traffic Accidents in Finland
A recent study published by the Finnish Maritime Administration “Costs of vessel traffic
accidents” (FMA, 2008, in Finnish), provides an estimate of costs for collision, contact, and
grounding accidents in Finnish waters. A summary of material as provided by K. Westerlund is
provided in this section.
The study ”Costs of vessel traffic accidents”, published by the Finnish Maritime Administration in
2008 (FMA, 2008) examined the adverse effects and costs of vessel traffic accidents in Finnish
waters. It determined the average cost of the three most common accident types – grounding,
collision, and contact. Accident costs included material damage, personal injuries, oil-spill
combating costs, and costs of other official services. There are 30-40 vessel traffic accidents per
year in Finland. There have been no major oil spill accidents. The average cost of an accident
was estimated to be 0.3 to 1.7 million Euros, depending on the type of accident and vessel. It
was noted that vessels generally suffered minor damage from the accidents. Other costs that
can result from vessel traffic accidents can include environmental costs, and effects on fishing,
tourism, and recreational areas if an oil spill results.
Development of accidents
The number of accidents has decreased in recent years, as shown in Figure 3.10, although the
amount of traffic has increased. The reason for this positive development is assumed to be
improved fairways, traffic management systems and navigational systems of the vessels (FMA,
2008). The most common types of accidents in Finnish territorial waters are groundings and
bottom contacts, due to the uneven coastline broken by bays and islands and the narrow
fairways (FMA, 2008).
There are plenty of turns, narrow places and only limited space to give way for other vessels in
the archipelago fairways. In addition, the sight behind the islands is not always very good,
especially if the islands are very high – it may be difficult to see behind them with the naked
eye or with radar. However, the AIS system and VTS have improved the situation by helping to
observe other vessels and providing information about the traffic situation.
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Figure 3.10 Accidents in Finnish territorial waters 1997–2006 (FMA)

The second most common type of accidents are vessel collisions and collisions with fixed
structures. Small vessel collisions occur typically in winter navigation while the vessel is
receiving assistance from an icebreaker or while it is passing other ships in the narrow channel
through the ice. According to Hänninen and Kujala (2007), for the majority of collisions
occurring under normal conditions one or both ships did not follow the COLREG rules.
Buoys and beacons may have drifted away from their positions and therefore can be in another
place than where the seafarer expects them to be in winter or after it. In addition, when sailing
in convoys assisted by an icebreaker, the distances between vessels may be quite short and if
one ship suddenly stops (because of ice, for example), the others may collide if they do not
have enough space to stop.
The most common cause of all accidents has been human error. It has also been the main
cause of the largest percentage of groundings and bottom contacts. A third of accidents have
been caused by external factors, which have also been the major reason for the collisions. In
comparison, fairway maintenance shortcomings have caused only four of all 249 accidents
during the period from 2001-2005 (FMA 2008).
Effect of the accident location
The majority of accidents occurred in narrow fairways in the coastal area, where also, in
addition to port and canal areas, the collisions with fixed structures often occur. The collisions
occur generally on the open sea or in the outer and open coastal area – often in ice conditions
(FMA 2008).
When manoeuvring in the port area the ship usually has very slow speed (it is steered with
thruster(s) and the main engine) and therefore may also respond slowly to the engine

efficiensea.org
Public

52

Part-financed by
the European
Union

commands. Additionally, when approaching/departing in bad weather the wind may push the
ship towards the quay.
The location of an accident is an important factor influencing the consequences of oil spill
accidents. In general, an oil spill on the open sea causes less serious consequences than an oil
spill accident on shore, where the oil is more difficult to collect. Additionally, an accident on the
open sea gives more time to prepare the oil spill response capabilities, although wind may
spread the oil easier on the open sea and therefore make it more difficult to collect. The
position of an accident plays also a significant role when an oil spill accident occurs in an
environmentally sensitive area (FMA 2008).
The Baltic Sea is designated as a Particularly Sensitive Sea Area (PSSA) by the International
Maritime Organization IMO. Shallow waters, slow exchange of water, a small water volume, as
well as low biodiversity and simple food chains make the Baltic Sea area very sensitive. The
amount of oxygen at the seabed is very small, which reduces the decomposition of spilled oil.
The broken shoreline together with darkness, coldness and ice in winter makes the collection of
spilled oil more complicated (FMA 2008).
Consequences of accidents and their causes
Serious collisions may cause bodily injuries, but groundings reported in the FMA accident
database have not caused bodily injuries during the last 20 years. The most common type of
accident resulting in fatalities is capsizing of a vessel, when people have fallen into water and
drowned (FMA 2008). The risk of drowning can be reduced by taking care of ships’ life-saving
equipment and the preparedness of rescue teams (FMA 2008).
Material damages include damage to the ship itself, the cargo and fixed structures. In case of
groundings and collisions the hull of the ship suffers usually from different kinds of damages
caused by various reasons. Propulsion and steering systems, supporting structures and some
sensors may be damaged. If the hull begins to leak, engines and electric equipment would also
break down, which would raise the accident costs. In Finland damages caused by collisions have
been quite slight, for example dents in the hull or deck structures of the ship. Collisions in ice
conditions have resulted only in minor damage, because the speed of ships is usually quite slow
(FMA 2008).
Groundings and collisions always include some risk of an oil spill. The FMA (2008) study found
that according to the statistics approximately one oil spill accident occurs every four years in
Finland, but the amount of oil spilled in water is usually not more than 150 tonnes. Large oil
spill accidents happen rarely in the Baltic Sea. In the Saimaa inland water area it is no longer
allowed to carry oil as cargo (FMA 2008).
The consequences of oil spills depend on season, the location of the accident, total amount of
spilled oil and its quality and how effective the oil spill combating operations have been. The
most harmful season is springtime and moreover icy waters, strong winds and sea currents
make the oil recovery operations more complicated. The quality of crude oil and oil products has
an effect on evaporation, toxicity and other harmful features (FMA 2008).
ACCIDENT COSTS
What kind of costs?
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The costs of groundings, bottom contacts, vessel collisions and collisions with fixed structures
can be divided into the following categories: bodily injuries, material damages to the ships,
rescue costs, damage to the cargoes and costs of the authority services. The costs examined in
the study do not include injuries to ship passengers, costs caused to fishing and tourism, losses
of nature values nor harm caused to recreational areas (FMA 2008).
What do the costs include?
Some accident costs can be measured directly in monetary terms, e.g. the damage to the ship
itself, cargo damages, fixed structures, losses in productivity, costs of medical treatment and
costs of authority services. Other damages can be measured “indirectly” in monetary terms, but
before it is possible, they need to be evaluated by various kinds of methods. These damages
are for example human factors, recreational use of shores and effects on nature (FMA 2008).
When estimating the costs of bodily injuries, the study mentions an evaluation method
approved by the former Finnish Transport Administration (at the beginning of 2010 it became
part of the Finnish Transport Agency). The method divides bodily injuries into four categories:
death, permanently injured, temporarily injured and injured on average. The costs of accidents
have been divided in two categories: real economic losses (e.g. losses of input, medical
treatment, administrative costs and premature death) and losses of non-material wellness,
which can be named as a risk value. In vessel traffic a human life is valued at 1 752 000 euros,
which is congruent with the value of a human life used for road traffic accidents in Finland.
However, the rate of injury in vessel traffic is estimated to be less than the rate of injury in road
traffic (FMA 2008).
Reparation costs for a ship consist of the amount of replaced steel (2,500 € per tonne),
reparation costs of equipment and machinery, and docking costs. A shipwreck results in the
highest costs (FMA 2008).
The costs of cargo damages depend on the amount and quality of cargo. The National Board of
Customs has evaluated values per unit for different types of cargoes, as shown in Table 3.6 and
these values can be used when estimating the costs of accidents. Salvage remuneration is
counted as a part of the property costs of the accidents (FMA 2008).
Table 3.6. Unit values of cargoes (Finnish National Board of Customs 2006).

Type of goods
Groceries
Raw material
Timber
Pulp
Ore and scrap metal
Fuel and lubrication oil
Chemical substances and products
Other manufactured goods
Wood and cork products (does not include
furniture)
Paper and cardboard products
Iron and steel
Machines, equipments and carriers
Particular goods
On average
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(€/t)
840
370
360
420
510
520
790
930
920
610
1190
14 400
5280
1120
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Damage to fixed structures resulting from ship accidents are uncommon in Finland, although
every now and then ships collide with the canal structures in the Saimaa canal. Average costs of
collisions with buoys and beacons have been 100 000 – 300 000 € and the damages of the
Saimaa canal have been 100 – 30 000 € (FMA 2008).
The costs of oil pollution prevention consist of both preventive actions and the actual oil
response actions. The latter includes collection of oil, handling of the collected oil waste and
restoring the environment (FMA 2008).
Salvage and towing costs and costs of the accident investigation are one group of the accident
costs. Some delays with cargoes may also cause costs. In addition, the shipping companies
suffer presumably losses of income while the ship is in the repair dock (FMA 2008). Finally, the
shipping company may suffer losses to its reputation, which can also cause economic losses
(Hänninen).
How much the average accident costs
Costs of bodily injuries resulting from groundings and collisions are low, because bodily injuries
happen so rarely in Finland or if they happen, the consequences are usually small. Cargo
damages in Finland have also been slight, so their amount is calculated to be small too (FMA
2008).
Reparation of the ship and salvage operations cost on average 1.1 million euros after
groundings, 0.8 million euros after vessel collisions and 0.25 million euros after collisions with
fixed structures (Table 3.7). These numbers are based on indemnities paid by the insurance
company Swedish Club in 2008 (FMA 2008).
Table 3.7 The average reparation costs of ships, paid by an insurance company 1998–2007
(source: Swedish Club).

Type of accident
Grounding
Vessel collision
Collision
Fire, explosion
Machine failure
Weather
Other

n

Total costs
(Million $)

231
250
273
40
985
116
196

262
201
66
55
296
21
85

Average value
(Million $)
1.10
0.80
0.25
1.40
0.30
0.20
0.45

The costs of oil pollution response are 8 000 - 11 000 € per tonne, depending on which source
has been used. The costs are relative to the type and amount of oil, the location of an accident
and the characteristics of the environment in the accident area. In addition, spreading of oil and
whether the oil reaches the shoreline influence the costs, since the oil pollution response is less
expensive on the open sea than on the shore. The average cost of oil pollution response after a
bunker leakage is 50 000 €. The comparable cost for a tanker after a leak of oil cargo is
500 000 € after grounding and 500 000 € after collision (FMA 2008).
The other effects of oil and chemical pollution accidents are for example damage caused to
fishing, fish stocks, tourism and nature values and the decreased recreational use of beaches.
Various kinds of methods are used to evaluate the costs for these matters. The losses to fishing
activities are estimated to be 20% of the annual fish catch in the polluted area, whereas the
tourism losses are estimated to be about 50 € per metre of polluted shoreline. The costs of
efficiensea.org
Public

55

Part-financed by
the European
Union

decreased recreational use and values of nature are estimated by using the so called method of
willingness to pay (i.e. how much people are ready to pay for a change of nature or preventing
harmful changes), travelling expenses or indemnity claims. In addition, a monetary value is
estimated for every protected animal species in Finland’s Nature Conservation Ac. (FMA 2008).
According to the study the costs of authority services are about 50 000 € per an accident (FMA
2008).
In the study the costs are divided into groups for the main types of accidents and after that the
parts of the costs have been specified according to the following tables.
Table 3.8 The average costs caused by groundings and bottom contacts

Types of costs
Bodily injuries
Reparation and salvage/rescue operations
Cargo damages
Oil pollution response
• bunker leakage
• cargo leakage
Other authority services
Total

Other ships
(euros)
1 100 000
50 000
50 000
50 000
1 200 000

Tankers
(euros)
1 100 000
550 000
50 000
500 000
50 000
1 700 000

Table 3.9 The average costs caused by vessel collisions (does not include small accidents, which have
taken place in an icebreaker assistance in winter navigation)

Types of costs
Bodily injuries
Reparation and salvage/rescue operations
Cargo damages
Oil pollution response
• bunker leakage
• cargo leakage
Other authority services

Other ships
(euros)
800 000
50 000
50 000
50 000

Total

900 000
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Tankers
(euros)
800 000
550 000
50 000
500 000
50 000

1 400 000

Part-financed by
the European
Union

Table 3.10 The average socioeconomic costs caused by collisions with fixed structures

Types of costs
Bodily injuries
Reparation and salvage/rescue operations
Cargo damages
Oil pollution response
Other authority services

Total
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Other ships
(euros)
250 000
50 000

Tankers
(euros)
250 000
50 000

300 000

300 000
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4 Recommendations for framework on economic
quantification of maritime accidents and risk control
measures
This section of the report assembles the findings from the previous steps and presents them as
a simplified framework for application in the Baltic Sea area. It was developed primarily with
consideration towards collision, grounding, and contact accidents and the types of risk control
measures that can be implemented by national maritime administrations and transport
agencies. It is considered to be within work that would be carried out as part of the cost benefit
assessment (step 4) of the Formal Safety Assessment process as described in the IMO
guidelines (IMO, 2007a). Improved economic quantification of costs of risk control measures
and benefits associated with reduced accident probability and consequences should be an asset
for decision-making.
Three major categories of costs can be estimated for risk control measures, as shown in Figure
4.1. For most studies reviewed, only the costs directly borne by the national administrations
were included in the cost benefit assessment. These could be estimated with some confidence
as there had often been experience with estimating similar measures elsewhere. Some studies
made reference to the other costs to ship owners and to the external costs. The external costs,
which are costs that society bears in an indirect way, were related to additional air pollution
that would result from increased emissions if longer routes and travel times resulted from the
implementation of the risk control measures. In the one FSA where these were quantified, they
were found to be a rather important factor. Thus, it is recommended that these are considered
and at least estimated on an overview level to determine whether they will influence the cost
benefit ratio.
Benefits
(f rom reduced accident
costs)

Costs
Direct lif etime costs
f or implementing and
operating the risk
control measures
(e.g. capital costs,
equipment and
personnel costs

Incurred by national
administrations

Direct operational
costs (f uel, etc.) if the
measures result in
longer routes and
travel times

Incurred by ship
operators

External costs if
increased pollution
results f rom
emissions/f uel use

Human consequences:
f atalities (as the value
of a statistical lif e) and
injuries
Ship: Ship repair, lost
revenue, lost cargo

Societal costs

Environmental: Response
and clean-up costs,
environmental damage.
Should include a
consideration of local
environmental
considerations and
resource use (tourism,
f ishing, f ish f arming, etc.)

Figure 4.1 Elements used to assess costs and benefits of risk control measures
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The benefits estimated all result from a reduction in expected accidents and the associated
consequences. The main categories estimated include human consequences, consequences for
the ship, and environmental damages. Other accident cost categories are recognized, including
delay of cargo and associated costs for industry, delay to other traffic, and costs associated with
repairing aids to navigation and waterway maintenance. These may be possible and important
to estimate for specific routes and geographical areas but in general would require a level of
input detail for the study that may not be available.
For human consequences, most studies use estimates of a value of a statistical life for
preventing fatalities, and there are values that are quite widely used in FSA studies submitted
to the IMO (e.g. a value of USD 3 million, as recommended in the SAFEDOR study (Skjong et
al., 2007)). Some have suggested that it may be worthwhile revisiting the origin of this figure,
so perhaps it may be revised upwards for IMO studies.
For ship consequences, repair costs and time out of service are reasonable figures to include,
and there is available information from insurance industry estimates for hull damage for specific
accident types and ship sizes. Developing damage estimates requires the use of models based
on ship traffic data, expected types of collisions, contacts, and groundings, and local conditions
such as sea bottom characteristics.
Estimating the environmental consequences of accidents is one of the more difficult categories,
and there a variety of methods. Many studies have used a simplified approach where an
average international value for clean-up costs or the costs of averting one tonne of oil spilled is
used. There is no international agreement on the cost of averting a tonne of oil spilled, although
there is an ongoing discussion. There is no recent experience to suggest a reasonable cost per
tonne of oil spilled specifically for the Baltic Sea area. It seems worthwhile, however, to
consider local conditions and water resource uses, including tourism, fishing, fish farming, etc.
when estimating the benefits of particular risk control measures, as the costs of clean-up and of
environmental damage can vary widely based on whether the spill can be contained at sea, the
length of shoreline affected, and the environmental sensitivity. Most studies have used oil spills
or bunker spills as the only consideration for environmental damage, but this could very well
change in the future if alternative fuel use increases. This is a strong possibility as a way of
meeting upcoming emission control guidelines. Estimates of accident reduction benefits will
need to consider the different impacts of the alternative fuels.
It is crucial for any study on risk assessment and cost benefit assessment to highlight the many
uncertainties in both methodology and data used. The uncertainty in cost will for some selected
accidents be quantified in sensitivity assessments highlighting cost differences depending upon
the data used for quantification. An example is whether to use the suggested Gross Cost of
Averting a Fatality (GCAF) value in the FSA guidelines (IMO, 2007a) versus national evaluations
of human lives. Despite the uncertainties, simplifications and assumptions that need to be made
when carrying out cost benefit assessments, it is believed that decision-making will benefit from
the work. Further refinement including estimating external costs resulting from increased air
pollution due to longer routes, and more localized estimates of reduced spill consequences,
including consideration of future changes in fuel type, will help improve the process for the
Baltic Sea area.
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