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ABSTRACT: In this study the marine traffic safety in the GaotfFinland is studied by amining the coi-
sion probability estimates in a heavily used crugsirea. In a commonly applied approach for esiimgahe
probability of collision accidents, so-called nhumbé collision candidates is multiplied with a saled cau-
sation probability. In this study a Bayesian networodel for the causation probability estimatiorapgplied
with different parameter values in order to exantime effects of weather and human factors on cwtflis
probability in the crossing of Helsinki-Tallinn ffig and vessels navigating east- or westbound. rEselts
show that the probability of collisions is very siéive to the causation probability value and ibwd be
modelled with great care to obtain reliable results

1 INTRODUCTION ings, the number of collision candidates is then
multiplied by the probability of not making evasive

The Gulf of Finland is a sensitive geographicahare manoeuvres, so-called causation probability, which
The Baltic Sea, including the Gulf of Finland, hasis conditional on the blind navigation assumption.
been categorized as a Particularly Sensitive Sea Ar The causation probability thus quantifies the prepo
(PSSA) by the International Maritime Organizationtion of cases when an accident candidate ends up
(IMO, 2005). Maritime traffic is continuously in- grounding or colliding with another vessel. This ap
creasing in the Gulf of Finland. Especially the in-proach for estimating the potential number of eolli
creasing number of oil tankers is raising concern isions or groundings can be expressed as
the coastal countries. Russia is building newe t _
minals, and the annual oil transports via the @ilf P=N,xF (1)
Finland are estimated to increase even up to 260 Miyhere N. = the number of collision or grounding

lions of tons by 2015 (Finnish Environment Ins#{ut cangigates; anéc = causation probability, i.e. the
2007). The increasing maritime traffic increases th probability of not making evasive manoeuvres.

risks of accidents, which could lead to oil spike Not making an evasive manoeuvre while being on
oil disaster would most probably have serious effec 5 collision or grounding course can be a resula of
on the Gulf of Finland ecosystem (lhaksi et altechnical failure such as failure of steering syste
2007). » ) . __propulsion machinery, human failure, or environ-
Based on maritime accident statistics, groundinggenta| factors. Technical failure was reportedhas t
and collls]ons are th_e dominant accident typesién t primary reason of the accident in 9.4 % of colfisio
Gulf of Finland (Kujala et al. 2009). A commonly 3,4 grounding accidents in the Gulf of Finland, and
applied approach for estimating the probability ofiy 25 o4 of the cases the primary reason had been
collisions or groundings in maritime traffic was-de congitions outside the vessel (Kujala et al. 2009).
fined by Fujii et al. (1971, 1974) and Macduff yyman failure has been commonly stated as the
(1974). In this approach, the number of ships that,ogt typical cause group of marine traffic accident
would collide or run aground: if no evasive manoeuitferent studies have shown that 43 % - 96 % ef th
vres are made is calculated first. In the calcofeiit  5-cidents had been caused by humans (Grabowski et

is assumed that the ships are sailing “blindlythe 5 2000, Hetherington 2006, Rothblum 2006, Kujala
waterway. This so-called number of collision candi-g; 5. 2009).

dates depends on the properties of ship traffiisuc  caysation probability values for crossing encoun-
as geometric traffic distribution on the studied-wa tgrs in the literature have varied between 6.88°

terway and ship' sizes and speeds._ In order to esti-g og- 10* (Macduff 1974, Fujii 1983, Fowler &
mate the potential number of collisions or groundsgrgérd 2000, Otto et al. 2002, Rosqvist et al2200



The values have been either general values on sor2807). Each variable has a finite set of mutuaky e
sea area, or reflecting certain ship types or condclusive states. For each variable A with parentesod
tions. In good visibility within VTS zone, Fowler & Bs,..., B, there exist a conditional probability table
Sgrgard (2000) estimated a causation probability dP(A | By, ..., B,). If variable A has no parents it is
6.83- 10°, and in poor visibility the value was 4.64 linked to unconditional probability P(A). For idént
10“. For collisions in the Gulf of Finland within fying the relevant nodes and the dependencies be-
VTS zone where at least one of the colliding vesseltween nodes, and constructing the node probability
was a tanker, Rosqvist et al. (2002) estimated th&bles, both hard data and expert opinions can be
value to be 5.1 — 6.010% depending on the other used and mixed. Bayesian networks can also be used
ship type. as an aid in decision-making under uncertainty.
In the earliest collision probability estimatiof®t Bayesian networks have been applied in causation
causation probability was estimated based on diffeprobability estimation such as in the maritimeftcaf
ence between the registered number of accidents andk assessment software GRACAT (Friis-Hansen &
the estimated number of collision candidates (FujiiSimonsen, 2002) and in @resund sound risk assess-
1971, 1974; Macduff 1974). Applying a causationment (Rambgll, 2006).
probability value derived from a study in anothea s The study described in this paper is a part of a
area or estimating it based on the difference a-ac cross-disciplinary approach for minimising the sisk
dent statistics and geometrical probability mayesavof maritime transport in the Gulf of Finland, where
some effort, but then the actual elements in aatide based on growth predictions, the maritime traffic i
causation are not addressed at all, as opposexnhto c the Gulf of Finland in the year 2015 is modelled an
structing a model for the estimation. Getting a nuthe accident risk, the direct environmental effects
merical value for the probability of not making anand the risk of environmental accidents are evalu-
evasive manoeuvre is only one outcome of a modedted, and the effects of national and international
the acquired model structure itself and the dependegislation and other management actions are mod-
encies of the parameters may be at least equally inelled (Klemola et al. 2008). In the previous work
portant. ship collision probabilities for two locations ihet
Risk analysis tools such as fault tree analysi§&ulf of Finland were estimated by applying causa-
have been used in modelling the causation probabition probability values derived from literature (Ku
ity (e.g., Pedersen 1995). In 2006, utilization ofjala et al. 2009). This paper describes the applica
Bayesian networks in Step 3 of the Formal Safetyf a Bayesian network model for the causation prob-
Assessment was suggested in a document submittability modelling as a part of collision probakyligs-
by the Japanese agency for maritime safety to th&mation for the traffic in a crossing area in Galf
IMO Maritime Safety Committee (2006). Bayesianof Finland. The network is utilized for studyingeth
networks are directed acyclic graphs that condist ceffects of weather, human factors, and extra vigi-
nodes representing variables and arcs representifance on the collision probability.
the dependencies between variables (e.g. Jensen
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Figure 1. The studied crossing area between Helaimk Tallinn marked in grey on the map.



2 STUDIED AREA: CROSSING BETWEEN where N, = the number of collisions if no evasive
HELSINKI AND TALLINN manoeuvres were madea;andj = ship classes of the
colliding vesselsf);; = the number of classressels
The studied location (Fig. 1) is one of the highlyat waterway 1 in time uni@Q,; = the number of class
trafficked crossings of waterways in the Gulf ofii j vessels at waterway 2 in time un#'" = the aver-
land. In this area the vessel traffic between hélsi age velocity of classvessels at waterway ¥;® =
and Tallinn is crossing the main route of the Guilf the average velocity of clagsessels at waterway 2;
Finland, i.e. vessels heading to and from Russih arf;'¥) = the lateral distribution of traffic in waterway
eastern ports of Finland. Based on AIS records, ifi' = the lateral distribution of traffic in waterway
July 2006 there had been 2122 ships navigatingj = the relative velocity of ships depending on ve-
north- or southbound, majority being fast ferrigs o locities and meeting angle;;> so-called geometri-
passenger ships, and 2303 ships heading to and frazal collision diameter depending on vessel lengths,
eastern part of Gulf of Finland in July 2006 (Kaja beams and velocities; ad = time period under re-
et al. 2009). According to accident statistics, ook  view.
lision of ships had been reported to occur in tleaa The parameters of the collision candidate model
during six year period (Kujala et al. 2009). were based on analysis of AIS records from the-stud
ied area in July 2006. The lateral distributiongeve
approximated with normal distributions whose pa-
3 MODEL USED FOR GEOMETRIC rameters were based on AIS records. For the calcula
PROBABILITY tions the vessels were grouped into five ship elsiss
passenger ships, cargo vessels, tankers, high speec
The number of collision candidates in the studiectrafts (HSCs), and other ships. Each class was di-
area during one summer month was estimated with\aded into four size groups: length less than 1@ m
model presented by Pedersen (1995), which foltres, length at least 100 but less than 200 metres,
lowed the concept introduced by Fujii (1971). Thelength at least 200 m, and length unknown for which
number of collision candidates in a time period washe average values of length and width of the ship

calculated as class in question were used. The angle between
crossing ships had been varying at the crossing
N, :zz ” Qy [0, 0.9 (z)f 2(z,) point, so the average angle_ of arrival of each_ ship
oo VO V@ S (2) class from each approach direction was used in the
- calculations.
(V. D, dAAt
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Figure 2. The applied Bayesian network structurecémsation probability adapted from (Det Norskeitds 2003, 2006).
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Table 1. Causation probability network node stawmse Most of the probability values related to the
e 'r;g'nl’(‘)’”%eaﬁge it a0 0¢ and poor emmentaland - payesian network parameters were derived from the
original models and had been mostly based on expert

Node Environmental ~ Human judgment. Ship type distributions in the waterways
conditions performance of the studied area were obtained from AlS-data.
_ good  poor good poor The probability distributions of “Weather” states
\?ias}i/tlalﬁji?t >diynm <n If r:m . ) were based on Finnish Meteorological Institutess st
Weathgr good  storm i i tistics on the average number fog days at Isosaari
Attention . . high low July during 1961-2000, the average number of storm
Communication - - beyond  sub- days at Finnish sea areas in July during 1990-2008
level standard standard  thinned by the average portion of storm observation
Communication - - yes no from the Gulf of Finland in 2006-2007, and the av-
Véﬁ?n"tehtiﬂﬁsse' ) ) hih ow erage number of strong wind days at Isosaari in Jul
Distrgction level - i |0V8 moderate  during 1961-2000 (Finnish Meteorological Institute,
Duties B, B, normal  extreme 2008). The daylight distribution describing the Ipro
Stress level - - low high ability of a ship navigating in the dark, conditadn
Tired - - no yes on ship class, was based on AIS information and

sunrise and sunset times at the studied location at
15.7.2006. The probability of “VTS” state “yes”
was set to 1.0 because the studied area is mashitore

4 MODEL USED FOR CAUSATION by VTS stations.

PROBABILITY The effects of conditions outside the vessel and
factors related to human performance on collision
probability were studied by constructing scenarios

The applied Bayesian network model for estimatinglescribing different environmental conditions amd/o
the causation probability, i.e. the probabilityradt  factors related to human performance. The states of
making evasive manoeuvres, was based on fraghe nodes, the probability of which was set toif.0
ments of a collision model network in the Formalthe different environmental and human performance
Safety Assessment of large passenger ships (Deonditions are shown in table 1. For example, the
Norske Veritas 2003) and a grounding model in thenvironmental conditions were defined as “poor”, if
FSA of ECDIS chart system (Det Norske Veritasall of the following probabilities in the networkene
2006). The network estimated the probability of aequal to 1.0:

collision given that two ships were on a collision— P(Weather = "storm”)

course, one ship had lost control and the othgr shi- P(Visibility = “< 1 nm”)

did not give way. The network included parameters- P(Daylight = “night”)

related to navigational aids, conditions, safetyy cu  Causation probability was estimated for scenarios
ture, personnel factors, management factors, oth&vhere 1) there was no evidence on any of the net-
vigilance, and technical reliability. The network-r work parameters; 2) it was known that environ-
flected the following events for making an evasivemental conditions were “good” and the factors re-
manoeuvre while on collision course. At first thk O lated to human performance were “good”; 2) it was
ficer On Watch (OOW) had to detect the dangerouknown that environmental conditions were “good”
situation either visually or with navigational aids and the factors related to human performance were
Detection was influenced by parameters related tépoor”; 3) it was known that environmental condi-
external and internal conditions as well as attenti tions were “good” but there was no information on
After the detection, OOW had to make a correct asether parameters; 4) it was known that environ-
sessment of the situation, which was influenced bynental conditions were “poor” and the factors re-
OOW'’s performance level. Situation might have al-lated to human performance were “good”; 5) it was
so been assessed correctly even without OOW’s dé&nown that environmental conditions were “poor”
tection if other vigilance such as a pilot or VT80 and the factors related to human performance were
erator was present to detect the danger. If sitoati “poor”; 6) it was known that that environmental
was assessed correctly, OOW had to make an avoidenditions were “poor” but there was no informa-
ing act. If control was lost because of either vgron tion on other parameters; 7) it was known that the
or no action or steering failure, the collision ttig factors related to human performance were “good”
have still been avoided if the other ship gave waybut there was no information on other parametérs; 8
The network was modified so that it was suitable tot was known that the factors related to human per-
be applied to an analysis including multiple shipformance were “poor” but there was no information
types. The network structure can be seen in Figuren other parameters. In addition, causation prdbabi
2. ity was estimated for situations where 10) thers wa
no extra vigilance present for detecting the danger



and 11) danger was detected by VTS or other inter- 6 CONCLUSIONS
nal vigilance. In situations 10 and 11 there was no
evidence on any other parameters than the nodehe effects of weather and factors related to human
“Vigilance”. The network was built and the prob- performance on the collision probability were stud-
ability calculations were performed with Bayesianied using a Bayesian network model for estimating
network software Hugin. the probability on not making an evasive manoeuvre
while ships were on a collision course in crossing
area between Helsinki and Tallinn in the Gulf of
Finland. The general causation probability was- esti
mated to be 2.7010% which is about the same or-
der than the values found in literature. With dasi-
General causation probability for the studied locasation probability, the return period of collisioims
tion and traffic, meaning that there was no addalo the crossing area between Helsinki and Tallinn was
knowledge on the network parameters other than thestimated to be 5 years. According to statistic®, o
default conditional probabllltles of the networkasv collision had occurred in the area in 6 years so it
estimated to be 2.7010*. When multiplied by the could be stated that the model reflected well ihe a
number of collision candidates, the resultlng numbetual situation. However, it should be noted thasit
of collisions in one month was 1.6410° which  hard to compare the results to statistics since ana
equals a return period of 61 months. If it wasaiart lyzed time interval should be long but the traffic
that the danger had been detected by extra vigilancwould have to remain constant. The return periods
causation probability estimate was 2.580“ pro- were estimated based on one summer month traffic
ducing return period of 64 months. On the othedata. The traffic in the area is very differentidgrin
hand, if there was no extra vigilance, causatiowinter period. Thus the effects of winter shoulsioal
probability was 3.74 10* and the collision return be included in modelling in the future.
period decreased to 44 months. According to the applied model, if human per-
Tables 2 and 3 present causation probability antbrmance factors were poor and the ship would be
the expected number of collisions in a month estisailing in difficult conditions at dark, the probly
mates with different environmental and human facof a collision in the studied area would be almost
tor conditions. The lowest collision probability in eight times as big as in good environmental and hu-
these scenarios was acquired in good environmentaian performance conditions. If just the difference
conditions with good human factors, and the colli-human performance is examined, the collision prob-
sion probability was highest when both the environability with poor human performance factors would
mental and human factor conditions were poor. be almost twice the probability in good human per-
formance conditions. This evaluation shows that the
validity of the network parameters is important in
order to produce realistic estimates of collision
probabilities. In the future expert judgment angsh

5 RESULTS OF THE ANALYSIS

Table 2. Results of causation probability estioratwith dif-
ferent scenarios related to environmental and hufaator

s simulator studies will be utilized in order to isite

conditions performance the model to the traffic and conditions in the Gafif
Good Poor No evidence Finland. With a valid model the effects of possible

Good > 56E-04 427E-04 2.68E.04 risk control options on collision probabilities cha

Poor 2 94E-04 1.97E-03 7.01E-04 evaluated and the model can be used as an aid in de

No evidence 2.56E-04 4.44E-04 2.70E-04 cision-making.

Table 3 Estimates of the number of collisions in a montthwi
different scenarios related to environmental anchdmu factor

All theoretical analysis completed in this docu-
ment is based on data of only one month, July 2006.
The amount of traffic is largely dependent on the
season as well. Naturally this also means that the
comparison with the accident statistics and theoret

conditions cal model using only data from one month raises
Environmental ~ Human some concerns. This paper can, however, be consid-
conditions performance _ ered as a good start to more profound analysiseof t

Good  Poor No evidence causation probability in the area, which should be
Sgg;j i?gggg i-igg'gf i-ggg'gg conducted on monthly basis covering the whole year
NG evidence 1 E5E.02 2.60E.02 1 .64E-02 and based on data from other months as well.
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