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1 INTRODUCTION 

As part of the EU-funded OpenRisk project some models and methods to perform a risk assessment or 

safety assessment are applied on the Baltic Sea area, the so called Baltic Case Studies. 

One of the models used for this Baltic Case study is the Nautical Risk Index methods developed by 

MARIN within several other EU-projects like EMBARC and MarNIS. In the former studies the risk index 

method was applied for the North Sea area, so one of the goals of the case study within OpenRisk was 

te see whether the methods and assumptions also apply for the Baltic Sea area and that the overall 

global results provide a valid overview of the possible hotspots, 

 

This report briefly describes the method and provide a short overview of some of the results for the 

Baltic Sea. The method can be used for a basic risk screening of a larger area. So also the results are 

shown for relatively larger areas. One can also use the model in a more confined and smaller area, but 

then also some of the input should contain more smaller details.  

 

The method has also been compared to the results of the AisyRisk model developed by the Kystverket 

and DNVGL, the results are provided in a memo delivered by DNVGL and are therefore not part of this 

report. 

 

In chapter 2 a brief description of the model is provided, based on the description provided in the 

guidelines (main deliverable of the OpenRisk project). The input and results for the Baltic Case study 

are given in chapter 3. And finally some conclusions and recommendations are listed in Chapter 4 
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2 MODEL DESCRIPTION 

2.1 Background  

In the MarinRisk model, risk is measured as a combination of the frequency of an unwanted event and 

the consequences of this event. This means that even a rare event can still result in a high contribution 

to the risk. On the other hand, an event with very little consequences but with a high occurrence 

frequency will also have a large contribution. For shipping accidents this means that for example cruise 

vessels will have a larger contribution to the risk in a sea area than bulk carriers because of the fact that 

there could be over 3000 people on board the cruise vessel. On the other hand, a very old bulk carrier 

that sails under a flag of convenience according to Paris MoU can also have a large contribution to the 

risk, due to a higher expected accident frequency. In order to make the contribution of each individual 

vessel to the overall nautical risk visible, a so-called Nautical Risk Index has been developed. Based 

on expert opinions, mathematical modelling and years of statistical data it is possible to determine the 

individual nautical risk of a vessel based on the actual weather and traffic conditions. This risk index 

was first developed in the EU-project EMBARC [4] and was further developed in the EU-project MarNIS 

[1, 2, 3 ,5], and within the OpenRisk project.  

 

 

Figure 2-1 Overview of the MarinRisk tool: Risk management questions addressed, tool attributes, and 

applicability for different risk management processes and risk assessment stages 

2.2 Overview  

The aim of the Nautical Risk Index is to determine the contribution of the total risk of an individual vessel. 

By taking into account the actual traffic situation and some of the characteristics of the vessel, a risk 

number can be calculated. In context of PPR risk management, the risk index can be used to assess 

the current or past safety situation in a certain area. The MarinRisk tool can be used to estimate the 

total expected number of accidents, oil spills and associate costs, for each ship for each area for which 

AIS data is available. It could also be possible to determine the risk for vessels based on other traffic 

data than AIS, provided that this other data set contains the same type of data concerning the type and 

size of the vessels and the positions. When all risk numbers are aggregated for a certain area, the total 

risk value of that area is determined. One can also calculate the average value of the risk of the area 
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over a certain longer time period. For example, the risk index can be used in combination with stored 

AIS-data to assess the nautical risk in the area for different months. This allows the estimation of the 

risk level over a period of time, which can be used, e.g. to detect changes in periodic assessments. The 

results obtained from the MarinRisk tool can also be filtered for specific vessels or conditions, so an 

understanding can be gained of specific scenarios, e.g. showing the difference in overall risk levels 

between day and night. It is also possible to create a ranking of the vessels which most contribute to 

the risk. This can help to identify additional efficient risk control options. Since the risk control options 

are modelled separately in the model, it is also possible to assess the impact of the implementation of 

these options and see the overall effect in the results. The main restriction in using the index to perform 

a safety assessment is that the basis of the assessment model is the AIS data, so the actual traffic 

flows. This means that any risk control options that influence the actual traffic flows cannot be assessed 

with this method. For the Dutch Ministry of Infrastructure and Environment, a study was conducted in 

which the risk index was used to assess the busy traffic flows on the North Sea area [5].  

2.3 Use  

The MarinRisk tool can be used to answer following risk management questions:  

 Where are the historic accident risks in the sea area?  

 How do the risks develop over time?  

The MarinRisk tool is useful primarily in the risk analysis stage of the basic screening risk management 

process in the developed PPR risk management framework based on ISO 31000:2018, introduced in 

the guidelines. It can also be used in the extended screening and intermittent processes. Furthermore, 

it can assist in the risk evaluation process by considering the risk reducing effect of selected risk control 

options. It provides quantitative outputs, and requires few resources and medium skills to execute an 

analysis. The model is configured to identify the most significant risks and changes in the risk level of 

maritime transportation activities. It can be used to determine risks which require no further analysis, or 

risks for which a more detailed risk analysis is beneficial. 3.2.4 Input The MarinRisk model determines 

the risk on the basis of the information available in the AIS message of the vessels. Hence, AIS data is 

the main input for the calculations. However, these messages alone do not contain enough information. 

Therefore, use is made of an additional database which contains extra information about the vessels, 

for example the age of the vessel and the flag (based on Paris MoU list). Also, information regarding 

the weather condition is not included in the AIS message. The user needs to provide this data to the 

model as well. However, ongoing developments will enable the connection of real-time weather 

information to the AIS data set in the future, so that this information could be fed into the model 

automatically. Furthermore, the model uses basic accident rates that are based on world-wide statistics 

to create a variation on basic accident rate between different ship types and size. Local accident 

statistics can also be used as an input to create the accident rates.  

2.4 Process  

The model for calculating the individual risk of a vessel consists of three main parts:  

i) the probability of a nautical accident,  

ii) the consequence of the possible accident, and 

iii) the risk reducing measures that are in place, or could possibly be implemented.  
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2.4.1 Determining accident probabilities  

Based on the actual traffic and environmental conditions of a vessel, the following possible nautical 

accidents are considered in the frequency part of the model: 

 

 Collision between two moving vessels; 

 Ramming contact: a contact with a fixed object or coastline of grounding due to a navigational 
error;  

 Drifting contact: a contact with a fixed object or coastline of grounding due to a machinery failure; 
Foundering: an incident that a vessel sinks due to environmental conditions;  

 Fire or explosion on board;  

 Hull failure: the probability that a hole will occur in the hull of a vessel;  

 Machine failure: the probability of a failure that results in the drifting of the ship.  
 

The probability of each type of accident depends on different influencing factors. The factors that are 

taken into account in the frequency modelling are: 

 Ship characteristics:  

o Type of ship  

o Size of the ship  

o Age of the ship  

o Flag of the ship (Port State Control list, including white, grey and black sub lists) 
 

 Environmental conditions:  

o Wind  

o Visibility 

o Current 

 Position of other traffic 

 Layout:  

o Coastline  

o Fixed objects (offshore installations, wind turbines)  
 

 

The general modelling of the accident frequencies is based on the approach in the Safety Assessment 

Model for Shipping and Offshore on the North Sea (SAMSON). SAMSON is a risk assessment model 

for shipping that has been developed at MARIN over the past 30 years [2].  

 

The second part of the frequency model is the casualty rate, which is the probability that a predefined 

exposure type (e.g. a ship-ship encounter) will actually lead to an accident (e.g. a collision). This “static” 

casualty rate is determined using accident data from 1990-2012. By multiplying the calculated exposure 

and the static casualty rate, an average frequency is determined. To include the influence of different 

factors, such as wind, visibility and flag of the ship, the average level of the frequency is multiplied by 

different factors to incorporate the influence of the different factors. The different multiplication factors 

are based on various statistical analyses and models. A more detailed description of the multiplication 

factors can be found in [3]. Within MarNIS, the multiplication model as described above, is validated by 

INRETS [6]. 

 

  



 

 Report No. 29428-1-MSCN-rev.0.1 5 

 

 
 

  

 

 
 

 

2.4.2 Determining the Consequences  

The consequences of an accident at sea can be divided into three main categories:  

 Consequences for life  

 Consequences for the environment (pollution)  

 Structural consequences  
 

Details about the consequence models can be found in [3, 4, 5].  

 

2.4.3 Risk control options  

Apart from to the frequencies and the consequences, the third main part of the risk assessment model 

are the risk control options (RCOs). These are measures which can be taken to reduce the risk. Two 

types of measures may be listed:  

 Preventive measures (influences the probability of an accident):  

o Escorting tugs  

o Pilots  

o Vessel Traffic Services  

 Remedial measures (influences the consequence of an accident):  

o Search and Rescue units and activities  

o Oil pollution response units and equipment  
 

Other risk control options are included in the modelling of the other frequency and consequence models 

as well [3]. In the current model for the risk index, the following RCOs are considered and implemented: 

use of an emergency towing vessel, search and rescue, oil pollution response units, and pilot and tugs.  

  

Area layout & 

traffic intensity;

Accident frequency models

Number of exposures (possible dangerous situations)

Navigational aids & 
measures

(pilot, tug, VTS, etc.)

Accident statistics;

Lloyd’s accident 
database 1990 - 2015

Number of expected accidents
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Use of an Emergency Towing Vessel  

By introducing an emergency towing vessel (ETV), a drifting contact with an object can be prevented. 

The reduction of the probability of a drifting contact depends on the position of the ETV, the speed for 

the prevailing weather conditions and the available power of the ETV.  

 

Search and Rescue  

The availability of Search and Rescue (SAR) units in an area will increase the survival probability of the 

persons on board after an accident. Hence, SAR decreases the expected costs for loss of life due to a 

nautical accident.  

 

Oil pollution response units  

The availability of oil pollution response units and equipment will decrease the amount of oil polluting a 

coast line. Thus, it will decrease the environmental damage costs and the clean-up costs.  

 

Pilots, tugs, and Vessel Traffic Services  

When a ship is in the vicinity of a port and has a pilot on board and/ or uses tug boats, the probability of 

a navigational error decreases, and hence also the probability of a collision or other contact accidents 

decreases. Also the extra information provided by the vessel traffic services will decrease the probability 

of a collision.  

2.5 Output  

The output of the MarinRisk model is for each vessel in an area the calculated accident frequency, the 

expected consequences of the accident and finally a risk value that represents the risk costs.  

 

These frequencies and costs are calculated for each vessel and each time step. The risk estimates can 

be shown in an Electronic Chart Display and Information System (ECDIS) environment when playing 

back AIS data. The results are also stored in a large log-file for further analyses, to construct risk-density 

plots which are useful to identify hotspot areas. Different risk density plots can be created, because all 

different accident frequencies and consequences are logged in the output file. For instance, it is possible 

to develop risk maps per month, or for specific consequences such as oil spills. 

 

2.6 Strengths and limitations  

Some strengths of the MarinRisk model include:  

 Fully automated processing, i.e. no manual input required;  

 Based on high resolution AIS data and accurate calculation methods;  

 Actual vessel behaviour is used as a basis, so no assumptions on traffic flow are needed;  

 Able to take into account changes in risk level.  
 

 

Some limitations of the MarinRisk model include:  

 Use of historic AIS data implies that changes in traffic intensities or traffic routes cannot be taken 
into account;  

 Limitations of AIS data availability, and data errors can affect the accuracy of the results. 
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3 BALTIC CASE STUDY 

3.1 Input data 

To run the model three main input data sources are necessary: 

 Traffic data, in this case AIS-data 

 Grounding or strandinglines 

 Environmental data (wind and current) 

3.1.1 AIS-data 

The input data necessary for the analysis is AIS-data. This was provided by HELCOM. For the analysis 

the AIS-data for one month was used (September 2017). 

 

The first step in the risk assessment/case study is analyzing the traffic in a specific area. This means 

that using the Showroute-software different maps are created: 

 Density charts; in these charts the number of AIS-target are counted per grid cell resulting in 
the average number of ships present in a grid cell on every moment.   

 Track plots; in these charts the actual individual tracks of the vessels are shown. The position 
of the vessels is plotted every minute and the colour indicates the speed and/or the heading of 
the vessels. The red dots are the locations where the speed over ground is less than 0.01 knots. 
A purple dot means a speed less than 0.2 knots, yellow less than 0.4 knots and blue less than 
1 knots. When a vessel is sailing East, the position is indicated with a black dot and when she 
is sailing West a brown dot is used. 

 
In Figure 3-1 both a track plot and a density chart are provided indicating the study area for the Baltic 

Case study. A larger density plot of the total study area is shown in Figure 3-2 

Using the different maps high and low dens traffic areas can be defined. And from the maps showing 

the track potential “complex” area can be identified. For example looking at the Figure 3-3 one can see 

clearly that east going an west going traffic routes are crossing each other, indicating a complex traffic 

situation. 

 

  

Figure 3-1 Left: Track plot of the study area. Right: density plot of the study area. 
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Figure 3-2 Density chart of the study area, based on one month of AIS-data (September 2017) 

 

 

Figure 3-3 Track plot for the area near Rostock, based on one week of AIS-data (September 2017). 

  



 

 Report No. 29428-1-MSCN-rev.0.1 9 

 

 
 

  

3.1.2 Grounding lines 

Next to the traffic also the location and definition of the grounding lines is an important factor of the 

model. These lines have to be defined by the user of the model. For the Baltic case study these were 

based on the ENC maps of the area. In Figure 3-4 an part of the grounding lines are shown (light grey 

lines in the map) 

 

 

Figure 3-4 Part of the defined grounding lines used as input for the Baltic Case study. 

3.1.3 Environmental data 

To determine the frequency for groundings as a result of an engine failure, so called drifting grounding 

the wind and current are an important input factor. Because the Baltic Sea area is a very large area not 

all detailed current and wind rose were taken into account. Based on some basic weather information 

one wind rose was defined for the whole area. And also the current was only defined for some different 

locations. When a more detailed study has to be performed more detailed information is required to 

improve the results. But since the main goal for the Baltic Case study was to show that the model can 

be applied and that the overall global results provide a valid overview of the possible hotspots, a less 

detailed description of the weather conditions was not a problem. 
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3.2 Running the model 

After all the input is set and the AIS-data is checked on coverage and completeness regarding the days 

and time, the model can be run. For the whole Baltic sea area, the calculations were performed for four 

different areas to make sure that the post-processing of the result-files would not run in to problem 

because of the size of the files. Also the results were run per day. To run the whole area for 1 month of 

AIS-data it took around one week of calculation time on a normal laptop. 

 

When the model runs it replay the AIS-data and calculated for every time step, with a sample frequency 

of 6 minutes, for each vessel in the study area the different accident frequencies and consequences. 

These results are stored in an output file. So the files result of a run is a (large) txt-file containing for 

each vessel (MMSI-number), for each timestamp the location of the vessel and the calculated 

frequencies on that location for that vessel. 

 

Also the total stranding frequency (drifting and ramming) are stored per grounding line, so this can be 

visualized in a GIS-environment.  

 

At MARIN the post-processing of these results is done using PostgreSQL. In the post-processing the 

calculated frequencies are assigned to a grid to create “density” chart based on the accident 

frequencies. This means that the grid size does not have to be defined before running the model, but 

can be looked at when the results are there. This means that for an overview of the total Baltic Sea area 

one could use a larger grid cell size, but if zoomed in into a specific one could prefer smaller grid cells. 

In Figure 3-5 the results for ship-ship collision is shown using different grid cell sizes. 

 

 

Figure 3-5 Ship-Ship frequencies for different grid cell sizes. 

 

 

 

  

10x10km 5x5km 2x2km
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3.3 Results 

Because the total Baltic Sea area is a large area the results are analyzed for two separated areas: 

- The Gulf of Finland; the area around Helsinki, Tallinn and St. Petersburg. 

- South-West part of the Baltic Sea; the area reaching between Rostock, Malmo and Gotland. 

3.3.1 Results Gulf of Finland 

The average number of expected ship-ship collision per grid cell of 2x2km for the Gulf of Finland area 

is shown in Figure 3-8 the results are based on only one month of data, so any possible seasonal effect 

are included in these results. Better would be to run the model over a minimum of one year of data, but 

the time within the project was too limited to perform such an extended study. Also the influence and 

risk of ice is not a feature of the model. 

From Figure 3-8 the hotspot areas for ship-ship collision are shown in the port approach areas of Tallinn, 

Helsinki and towards St Petersburg. This is the result of the fact that ship will sail more closely to each 

other, providing a higher probability of a collision. 

 

Also a higher frequency can be found near the dens traffic route south of Gogland, although there is 

already a TSS in place, the main route have a sligth bend and the traffic is less spread out resultsing in 

a more dens traffic area. 

 

 

Figure 3-6 Average collision frequencies per year, based on AIS-data of September 2017. 
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Accident involving different ship types can have different consequences therefore is can be useful to 

look at the results for different ship types. Because the intermediate results are stored for each individual 

ship, also “frequency density” maps can be created for different ship types. In Figure 3-7 the frequency 

of collisions involving passenger vessels of ferries is shown on the left side. On the right side only the 

collision frequency involving tanker is shown. Both maps provide clearly different so-called hot-spot 

areas. On the left the main ferry route between Helsinki en Tallinn is clearing one of the areas with a 

higher probability of a collision involving vessels with many people onboard, so higher risk for human 

life. While on the right side the hotspot areas involving tanker are more in the east part and on the main 

traffic route, this indicated the higher risk areas for oil spills and pollution.   

 

 

Figure 3-7 Average collision frequencies per year for the Gulf of Finland, based on AIS-data of september 

2017. Left: only collision involving an passenger or ferry. Right" collsions only involving a tanker. 

 

In Figure 3-8 the results of the model for ship-ship collision are shown again, also including the locations 

of reported accident in the area (2000-2013, source Helcom-website). The map shows a relative good 

“match” between hotspot areas based on the model results and the area with relatively more reported 

accident. 

 

 

Figure 3-8 Average collision frequency Gulf of Finland area including the reported accident locations. 
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3.3.2 Results South-West area 

For the south-west part of the Baltic sea, the area between Rostock Gdansk and Gotland, the same 

maps are created. In Figure 3-9 The collision frequency per year is shown for all ships types (with work 

vessels). Also here the main hotspots are visible near the port approaches, but also in the main traffic 

routes in the area between Malmo, Rostock and Szczecin. Especially the area indicated in the circle 

near the bend around Bornholm a clear hotspot is identified. 

 

 

Figure 3-9 Average collision frequencies per year for the south-west area, based on AIS-data of September 

2017. 

In Figure 3-10 the maps are shown for only the collision frequency involving passengers/ferries and 

tankers. Again the main routes for the ferries between Germany, Poland and Sweden are visible as 

hotspot areas for the risk for human life. And the main probability for a collision with a tanker is in the 

narrow route between Malmo and Copenhagen and the routes coming out of the Kielercanal (Lubeck 

area). 

 

 

Figure 3-10 Average collision frequencies per year, based on AIS-data of September 2017. Left: only collision 

involving a passenger or ferry. Right" collisions only involving a tanker. 
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Finally, the overall collision frequency results for the area are combined with the reported accidents in 

the period 2000 and 2013. And again the hotspots based on the model seem to be in line with the 

locations with relatively more reported accidents. 

 

 

Figure 3-11 Average collision frequency south-west area including the reported accident locations. 
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3.3.3 Results: Follow one vessel 

Because the data is stored for each individual vessel, including the location and the time, it is also 

possible to plot only the collision frequency for one specific vessel, or class of vessels. This could prove 

a more detailed insight in which part of the journey through the Baltic sea is the more “risky” part, for 

example for a loaded tanker sailing from St. Petersburg. Or for a large cruise vessel sailing from 

Warnemunde to Gdansk, via Tallinn to Stockholm. 

Figure 3-12 show some examples of the route of one large oil tanker sailing to and from St. Petersburg. 

 

 

 

Figure 3-12 Track of one tanker sailing to and from St. Petersburg indicating the collision frequency for 

each part of the passing (dark blue is lower frequency and dark red is highest frequency). 
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4 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 

In the OpenRisk project different risk assessment method and model are provided in an overall guideline 

document, indicating the applicability of the different models in the different stages and parts of the ISO-

standard. One of these models is the Nautical Risk index (MarinRisk). With this model the average 

accident frequencies can be calculated based on mainly AIS-data. This method can be used to create 

“frequency-density-maps” or risk-maps, which can be used to a screening of the hot-spot areas within 

the larger study area. Because the model used AIS-data and the results are stored for each vessel for 

each location and time, the results can be used to also look into trends over time or place. 

 

The main goal of the Baltic Case study was to show that the Nautical Risk Index could be applied for 

the Baltic Sea area and to see that the overall the results provide a valid overview of the possible 

hotspots. 

 

The main conclusion of this Baltic Case study is that the Nautical Risk Index-model can be applied to 

the Baltic Sea area and that the results do provide a valid insight in possible hotspots. The approach 

using AIS and a “real-time” risk calculation such as the Nautical Risk index, provides insight in the 

present situation, but can also give information about trends and risk developments in the area that is 

assessed. 

 

An overall conclusion of more recommendation is that this type of model are (and will always be) a so-

called “living” model of approach. The method/model will change depending on e.g. de availability of 

data or the purpose of the assessment or the level of detail necessary. 

 

Therefore, it is recommended to keep developing the methods and ideas further together with others. 

During the workshops of the OpenRisk project various discussions were already been held and ideas 

were shared. A strong recommendation is to continue these discussions within another context. 
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