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Maritime safety has become a more and more important issue due to the increase in maritime traffic.
Despite all efforts to reduce the risk of accidents, the number of them continues to increase especially
when it comes to ship collisions. Considering the fact that the Adriatic Sea is recognized as a high-
risk area in terms of accidents, new perspectives need to be used for determining collision probability in
certain areas. The paper analyses a navigational area in the Gulf of Trieste, which represents exceptional
importance and provides access to one of the most important ports in the Adriatic, the ports of Trieste
and Koper. The research approach for determining collision probability has been based on the AIS
data by using the IALA risk management tool – IWRAP. The aim of the paper was to determine the
collision probability and, based on the results, to propose a solution to increase safety at sea in the Gulf
of Trieste.
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1. Introduction.

Maritime transport with more than 80% of world trade rep-
resents a significant part of the international supply chain and
the global economy development (UNCTAD, 2022). Maritime
trade is constantly increasing, leading to an increase in mar-
itime traffic, which on the other hand increases the risk of ac-
cidents, especially the risk of collisions. Despite all efforts to
increase safety at sea, the occurrence of maritime accidents is
still increasing (EMSA, 2022). The Adriatic Sea, which consti-
tutes the area of focus for this research, is considered a high-risk
area in terms of accidents and casualties. The frequency of acci-
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dents in the Adriatic is five times higher than the world average
(Kačić, 2011).

The most frequent type of maritime accident but also the
most dangerous is ship collisions. Ship collisions pose a great
danger to human life, as shown by the statistics of the Eu-
ropean Maritime Safety Agency (EMSA), which indicate that
from 2014 to 2021 collision as a type of maritime accident was
the main event causing injuries and fatalities (EMSA, 2022).

There are several factors that can increase the risk of colli-
sions in a certain area. One such area that poses a certain risk
of accidents is located in the northern part of the Adriatic Sea,
in the Gulf of Trieste, which serves as one of the main overseas
gateways to Central and Eastern Europe. In the Gulf of Trieste
are located ports of Koper and Trieste, the two largest ports in
the northern Adriatic, and the port of Monfalcone, which has a
considerable annual turnover of goods. In this area, there is a
large concentration of maritime traffic with different routes at
the approaches to the mentioned ports which increases the risk
of collision.

Considering the importance of the Gulf of Trieste for the
economy worldwide, the aim of this paper is to determine col-
lision probability in that area. In order to make a quality sur-
vey, an analysis of maritime traffic in the navigation area was
made. The research approach for determining collision proba-
bility has been based on the AIS data using the quantitative risk
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management tool, IALA Waterway Risk Assessment Program
(IWRAP). Based on the results of the collision probability, the
proposal for increasing safety at sea in the Gulf of Trieste was
introduced.

2. Background.

The top priority for the navigator on the ship should be to
ensure safety during navigation. In practice, however, a sta-
tistical analysis shows that 80% of accidents at sea are caused
by human error (Kim, 2020). In the study by Chauvin et al.
(2013), which analysed 27 collisions between 1998 and 2012,
it was found that the main cause of the collisions was decision-
making errors related to the non-application of COLREG rules
(Namgung and Ohn, 2022). Although the International Regula-
tions for Preventing Collisions at Sea provide guidelines and
regulations for determining the encounter situations between
ships, most collision accidents occur in crossing situations (Sil-
veira et al., 2013). Furthermore, in many research, the type of
ship, the high density of maritime traffic, and the geographical
area are among the most important factors influencing ship col-
lisions (Silveira et al., 2013; Goerlandt et al., 2014; Antao et
al., 2023). Taking these factors into account, the Gulf of Tri-
este represents an area of significant maritime traffic density in
a relatively small area with multi-ship crossing situations.
The analysis of statistical accident data in the observed area
of 13 years data shows that general cargo ships, bulk carriers,
and container ships cause the most ship collisions (Antao et al.,
2023). In the analysis of the observed area, the mentioned ships
represent a significant share. In the port of Koper, general cargo
ships, bulk carriers and container ships account for 50% of the
traffic (Marine Traffic, Koper Luka, 2023), while in the port
of Trieste is 38% (Marine Traffic, Trieste Port, 2023) and in
the port of Monfalcone 31% (Marine Traffic, Monfalcone Port,
2023). The mentioned types of ships are categorized by large
lengths which can very often affect the flexibility and timeliness
of steering and be crucial in certain situations and waterways.
Container ships belong to the category of ships with the largest
length, and since the port of Koper achieves the largest annual
container traffic in the Mediterranean with all other types of
ships in the observed ports, collision probability in the Gulf of
Trieste can be significant.
On certain stretches of the waterway or in port areas, the high
density of maritime traffic can increase the probability of ship
collisions (Rong et al., 2021, Xia et al. 2021). Maritime traffic
density refers to the number of ships crossing a specific sea area
within a particular time period. It is assessable through vessel
tracking systems, such as the Automatic Identification System
(AIS). In the observed navigation area of the Gulf of Trieste,
there is a significant density of maritime traffic. Different types
of ships arrive in the observed ports, with an average annual
number of 4,530 arrivals from 2016 to 2022 (Figure 1), which
is equivalent to 24 ships per day (Marine Traffic, Koper Luka,
Trieste Port, 2023).

Figure 1: Ships arrival from 2016 to 2022.

Source: Marine Traffic.

The statistical data includes only commercial vessels and
does not account for vessels used for nautical tourism, fishing,
and other types of ships that also constitute a substantial part of
maritime traffic.

The traffic flows can vary in certain geographical locations.
In the Gulf of Trieste, there is a traffic flow that follows the
established mandatory Traffic Separation Schemes (TSS). Fol-
lowing established ships’ routeing measures proceeding to and
out of ports, ships can meet at a point called a ”black-spot”.
Black-spots are places where near misses or accidents occur
more frequently than at other locations (Zhang et al., 2021).
One such area is located before entering the “TSS Gulf of Tri-
este”, where ships arriving but also departing to/from all three
ports can meet at the same position (Figure 2).

Figure 2: Black-spot in the Gulf of Trieste.

Source: Authors.
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The width of the Gulf of Trieste is approximately 12 nau-
tical miles where some of the most major ports of the Adriatic
Sea are situated. Navigating toward or from these ports, ships
can encounter a lot of crossing situations from different direc-
tions.

Considering that the Gulf of Trieste represents an area of
significant maritime traffic density with multi-ship crossing sit-
uations with different responsibilities between ships, the prob-
ability of collision needs to be determined in order to evaluate
the level of navigational safety.

3. Collision probability.

The collision probability can be defined as the probability
of an event where a ship fails to give way (Kuroda et al, 1982).
In those situations, the consequences can be significant espe-
cially where are involved large vessels. Considering the fact
that collisions account for more than a third of all accidents,
it is important to estimate the probability of collision in order
to make recommendations and find a way to reduce accidents
(EMSA, 2022). Numerous research studies have estimated col-
lision probability using various models, of which the IWRAP
program has proven successful in estimating collision risk and
probability in certain area (Dzikowski et al., 2014; Čorić et al.,
2021; Handani et al., 2018). In the paper (Vukša et al., 2022)
authors analyse two different methods of estimating the po-
tential collisions at sea, analytical and simulation approaches.
IWRAP program, as an analytical approach, has shown good
results in estimating potential collision at sea.

IWRAP is currently one of the most widely used computer
simulation programs for calculating collision and grounding fre-
quencies of vessels based on information about traffic volume
/ composition, route geometry and bathymetry (IALA, 2023).
IWRAP approach is based on the mathematical models of Mac-
duff (1974), Fujii (1974), and Pedersen (1995). Fuji and Mac-
Duff are considered pioneers in the assessment of the frequency
and probability of collisions. During the 1970s, they proposed
a collision frequency model, which is still the most commonly
used model today (Kawashima et al. 2022).

In order to determine the collision frequency (λCol) these
frequency models entail the calculation of the geometric num-
ber of collision candidates (NG) which is subsequently multi-
plied by the causation factor (PC):

λCol = PC ∗ NG (1)

Collisions can be roughly divided into two types (IALA,
2023):

• collisions along the route segment, such as overtaking or
head-on collisions, and

• collisions when two routes cross each other, merge, or
intersect within a bend of a fairway.

The approach to compute the number of collision candi-
dates (NG) differs for these two types. In the first type, the

geometric number of collision candidates depends on the lat-
eral traffic dispersion along the route, whereas in the other type,
it remains unaffected by the traffic spread (Figure 3 and Figure
4).

Figure 3: Definition of µ ratio and traffic distribution.

Source: IALA, 2023.

Figure 4: Crossing waterways with risk area of ship-ship colli-
sion.

Source: IALA, 2023.

Comparing Figure 3 and Figure 4, the procedure for the cal-
culation of the collision is different. In Figure 3, it depends
on the lateral traffic spread on the route which is not the case
in Figure 4. In Figure 3, the likelihood of the trajectories of
two ships will overlap depending on the lateral dispersion. The
larger the µ value, there is lower probability of collision. Fig-
ure 4 illustrates that, despite the influence of traffic on the ”risk
area,” the probability of ships encountering each other remains
unaffected.

Head-on and overtaking collisions (Figure 4) along the route
depend on (IALA, 2023):

LW – length of the segment
Qi(1), Qj(2) - the number of passages per time unit for each

ship type and size in each direction
Vi(1), Vj(2) – ship speed
fi (1)(y), fj (2)(y) - geometrical probability distribution of

the lateral traffic spread on the route
When considering head-on collisions, the count of geomet-

ric collision candidates for ships sailing along the route segment
in both directions can be expressed as follows (IALA, 2023):

Nhead−on
G = LW

∑
i, j

Phead−on
G i, j

Vi, j

V (1)
i V (2)

j

(Q(1)
i Q(2)

j ) (2)
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Vij presents relative speed between the vessels while PG the
probability of collision in ahead of meeting situation. The fre-
quency of head-on collisions (λhead−on

Col ) is determined by mul-
tiplying the geometric number of collisions, (Nhead−on

G ), as de-
fined in Equation (2), by the causation factor for head on colli-
sions (Phead−on

C ).
In the case of overtaking collisions, the number of geomet-

ric candidates is expressed by Eq. (2) using the relative speed
Vi j=V (1)

i −V (2)
j . If Vij is less than zero, it indicates that vessel i

will not be able to overtake vessel j. The angle between the two
lanes determines the frequency of crossing collisions (Figure
5). In the case of crossing collisions, the number of geomet-
ric collision candidates can be represented as follows (IALA,
2023):

Ncrossing
G =

∑
i, j

Q(1)
i Q(2)

j

V (1)
i V (2)

j

Di jVi j
1

sinθ
f or 10◦ < |θ| < 170◦

(3)
Dij element represents the apparent collision diameter.
For determination of the collision probability in the paper,

the AIS data for the month of October 2022 have been used.
The analysis of the data showed that the 10th month of last year
(2022) in the Gulf of Trieste had the highest cargo turnover, and
therefore was selected for the collision risk assessment (TMT,
2023; SiStat, 2023).

In the first step, the area model of Gulf of Trieste is defined.
Furthermore, traffic AIS data has been imported in the IWRAP
application, followed by creating a traffic density plot. The next
step, based on the traffic density plot, involves plotting the legs
on the map where the highest amount of traffic is. In the final
step, before running a model, precise bathymetry is defined,
which is required for the functioning of IWRAP.

Figure 5: IWRAP model for Gulf of Trieste.

Source: Authors.

Collision probability results in Gulf of Trieste has been pre-
sented in the following table. The probabilities are provided for
various navigation scenarios, with the final column presenting
the predicted number of incidents per year between each colli-
sion.

Table 1: Probabilities of collision results in Gulf of Trieste.

Source: Authors.
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Based on the results, in the concluding section, the sum of
all probabilities indicates that, according to the traffic analysis,
there is an average expectation of 0,00834 collisions per year
which is equivalent to one collision every 267 years. Although
the probability of a collision in the observed area may be con-
sidered low, the authors in the paper suggest a way to enhance
safety in the Gulf of Trieste.

4. Discussion.

As already mentioned, the most critical location in the Gulf
of Trieste is situated before/after the “TSS Gulf of Trieste” (Fig-
ure 2). Through the analysis of maritime traffic monitoring in
this location, the navigation of large vessels passing each other
at close distances is evident (Figure 6).

Figure 6: Maritime traffic in Gulf of Trieste 28.07.2023.

Source: Marine Traffic.

The authors consider that collision probability in the ob-
served area can be reduced with the implementation of ships’
routeing systems. Ships’ routeing systems represent a crucial
role in improving safety at sea, ensuring efficient navigation
and preserving the marine environment. One of the elements
which are used in ships’ routeing systems is the roundabout.
Roundabout represent a separation point or circular separation
zone and a circular traffic lane with defined limits (IMO, 2023).
Considering that ships from various directions approach or de-
part from ports in a small area, the authors believe that imple-
menting a roundabout could further reduce the probability of
collisions and increase maritime safety (Figure 7).

When arriving and departing to/from the port, instead of
the intersection of vessel routes, they enter in a traffic separa-
tion scheme in which they sail in a counter-clockwise direction
while avoiding undesirable situations of vessels crossing each
other’s bows at close distances.

Conclusions.

Based on the comprehensive analysis of maritime traffic in
the northern part of the Adriatic Sea, especially in the Gulf of

Figure 7: Proposed roundabout in the Gulf of Trieste.

Source: Authors.

Trieste, it is evident that this region plays a decisive role as
one of the most important gateways to Central and Eastern Eu-
rope. With the constant increase in maritime trade and related
increase in maritime traffic, the risk of accidents is increasing as
well. Maritime safety, considering the potential consequences
that can occur, represents an imperative in the maritime indus-
try. One of the most common causes of decreasing of maritime
safety is ship collisions as a type of maritime accident. Different
ship trajectories with crossing situations pose a major challenge
in the Gulf of Trieste, increasing the likelihood of collisions. In
view of the importance of the Gulf for maritime trade, a colli-
sion probability was determined using the IWRAP tool. Even
though the collision probability can be categorized as low, the
authors believe that the collision probability can be further re-
duced by implementing a roundabout as a ship’s routeing mea-
sure. The implementation of such a system would involve defin-
ing specific routes and guidelines for ship navigation, ensuring
a safer and more organized flow of maritime traffic. Further re-
search should assess the grounding probability to consolidate
the results of accidents obtained with the IWRAP tool.
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4. Dzikowski R., Ślaczka W. (2014) Analysis of IWRAP
mk2 application for oil and gas operations in the area of
the Baltic Sea in view of fishing vessel traffic, Zeszyty
Naukowe, pp. 58-66, ISSN 1733-8670, (Accessed: 07
August 2023).

5. EMSA (2022). Annual Overview of Marine Casualties
and Incidents 2022. Available online: https://www.emsa.-
europa.eu/accident-investigation-publications/annual-over-
view.html, (Accessed: 01 July 2023).

6. Fujii Y., Oshima R., Yamanouchi H., Mizuki N. (1974).
Some Factors Affecting the Frequency of Accidents in
Marine Traffic, The Journal of Navigation 27 (2):239-
247, http://uk.cambridge.org/journals/nav, (Accessed: 18
May 2023).

7. Goerlandt F., Kujala P. (2014) On the reliability and va-
lidity of ship-ship collision risk analysis in light of differ-
ent perspectives on risk, Saf Sci 62:348–65., https://doi.-
org/10.1016/j.ssci.2013.09.010 (Accessed: 07 July 2023).

8. Handani D., Ariana M., Dinariyana A.A.B., Adhita I.G.M.
(2018). Modelling of Ship Collision Frequency in The
Strait of Malacca and Singapore (SOMS) Influenced by
Indonesian Port Development, Maritime Safety Interna-
tional Conference (MASTIC 2018).

9. H. Rong, A.P. Teixeira, C. Guedes Soares (2021), Spa-
tial correlation analysis of near ship collision hotspots
with local maritime traffic characteristics, Reliability En-
gineering& System Safety, Volume 209, ISSN 0951-8320,
https://doi.org/10.1016/j.ress.2021.107463, (Accessed: 03
August 2023).

10. IALA, IWRAP – User manual (2023), Available online:
https://www.iala-aism.org/wiki/iwrap/index.php/User Ma-
nual, (Accessed: 15 May 2023).

11. IMO (2023), Ships’ routeing, Available online: https://-
www.imo.org/en/OurWork/Safety/Pages/ShipsRouteing.-
aspx, (Accessed: 07 August 2023).

12. Jinfen Zhang, Chengpeng Wan, Anxin He, Di Zhang, C.
Guedes Soares (2021), A two-stage black-spot identifi-
cation model for inland waterway transportation, Relia-
bility Engineering & System Safety, Volume 213, ISSN
0951-8320, https://doi.org/10.1016/j.ress.2021.107677, -
(Accessed: 05 August 2023).
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