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ABSTRACT

Maritime accidents and incidents are a major concern for the shipping industry, even
though unified standards exist and solutions have been identified to improve maritime nav-
igation and minimize accidents. This study aimed to carry out a statistical analysis of mar-
itime accidents and incidents between 2014 and 2022, of ships belonging to EU Member
States, highlighting the main shipping areas where maritime accidents occurred, the result-
ing consequences, the types of pollution, and the main factors leading to maritime accidents
and incidents. The results showed that there were 23,814 accidents/incidents, of which
2.6% were very serious accidents, 28.5% were serious accidents, 53.9% were less serious

accidents, and 15% were maritime incidents.

Keywords: maritime accidents, cargo ships, damage/loss of equipment, collisions, passenger

ships, fishing ships

1. INTRODUCTION

To improve the safety of shipping, ef-
forts have been made at the European level to
reduce/eliminate shipping accidents by devel-
oping rules, regulations, and directives such
as Regulation (EC) No 417/2002 and Regula-
tion (EU) No 530/2012 for the introduction of
safer oil tanker ships, Regulation (EC) No.
1406/2002 and Regulation (EU) No.
100/2013 by which the European Maritime
Safety Agency (EMSA) provides EU Member
States with scientific and technical support in
the implementation of maritime transport
safety rules, Regulation (EC) No. 391/2009
and Directive 2009/15/EC, which set various
rules and standards for the inspection and con-
trol of ships, Directive 2002/59/EC requiring
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ships to have Automatic Identification Sys-
tems (AIS) and VDR systems for automatic
voyage data recording, Directive 2009/18/EC
regulating the investigation of accidents in the
maritime transport sector and EMSA's support
in the accident investigation process, etc
[24+30]. However, the frequency of accidents
and incidents is still high, often leading to fa-
talities, injuries, damage, and even loss of ves-
sels.

According to EMSA, a total of 604
deaths, 6781 injuries, 8545 damaged vessels,
and 183 lost vessels were reported between
2014 and 2022. The main factors were 'Hu-
man action', 'System or equipment failure',
'Other vessel', 'Hazardous material', and 'Un-
known'.
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The study conducted in this paper, based
on data collected from the literature ([3], [7],
(8], [91, [10], [13], [15], [16], [17], [21], [22])
and from the EMSA database ([4], [5], [6]),
proposes a framework for statistical analysis
of maritime accidents and incidents, that oc-
curred between 2014 and 2022, the ships be-
longing to EU Member States, the shipping ar-
eas where accidents occurred, their conse-
quences, and the main factors leading to mar-
itime accidents and incidents.

The paper is organized as follows: Sec-
tion 2 - presents a brief literature review; Sec-
tion 3 - presents the data collected and the re-
search method; Section 4 - presents the
study’s findings and conclusions.

2. LITERATURE REVIEW

To identify the causes and consequences of
maritime accidents and incidents, as well as
how to reduce the share of serious and very
serious accidents, several scientific papers
have been developed ([3], [10], [14], [15],
[17], [20], [21]), bringing the rather high fre-
quency of maritime accidents to the forefront
of the discussion. Thus, Youn et al, (2019)
used an optical sensor system to observe the
behavior of mariners in a simulated environ-
ment. The study showed the effectiveness of
this model that accurately measured the spe-
cific activities in a real navigation environ-
ment, which can serve to prevent maritime ac-
cidents.

Zheng et al., (2020) present a new nonlin-
ear algorithm for modeling the collision prob-
ability of ships, which combines the risk of
different situations. The authors performed
simulations in three collision situations cover-
ing head-on collision, crossing situation, and
overtaking situation and concluded that the
proposed method for quantitative risk assess-
ment provides the possibility of risk assess-
ment that varies with the ship’s state.

Dominguez-Pery et al, (2021) conducted a
literature review on human-caused maritime
accidents. It was found that the main causes
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are due to socio-technical information sys-
tems, management, and human resources, in-
dividual errors, and the application of infor-
mational technologies. At the same time, the
authors propose that these human errors
should be addressed from the perspective of
the possibility of anticipating actions, correct
perception of information, and correct under-
standing of onboard systems, so that the safety
of maritime transportation can be improved.

Maceiras et al., (2021) conducted a study
with more than 163 ships involved in acci-
dents in Spain and showed which of the ship’s
characteristic variables are related to different
types of accidents. The authors determined
that ship length is the most relevant variable
from the perspective of differentiating mari-
time accidents.

Vinagre-Rios et al., (2021) analyzed a
sample of ships that suffered various colli-
sions and found that this type of accident is
more frequent and severe at night, suggesting
that the results obtained in this research can be
extrapolated to other types of maritime inci-
dents.

Zhang et al., (2021) proposed a data analy-
sis framework to estimate the collision proba-
bility and to assess ship damage after a colli-
sion event. The results were obtained for an
RO-Pax ship operating in the Gulf of Finland
in 2018-2019 and showed that the collision
probability differs depending on the traffic
characteristics and the method is useful when
assessing the risk of flooding.

Xueetal., (2021) present a study analyzing
the characteristics and causes of ship acci-
dents from a statistical point of view, using a
ten-year database, comparing data in terms of
the types of ships involved in accidents, the
severity of accidents, accident categories,
causes of accidents, and the losses that oc-
curred during accidents.
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3. DATA AND METHOD

Data collection

The data used in this paper has been col-
lected from existing reports and studies in the
literature, as well as from the European Mari-
time-time Safety Agency (EMSA) website,
which contains data reported by EU Member
States (28 countries plus Iceland and Nor-
way), for the period 2014-2022, on shipping
accidents and incidents resulting in lost/dam-
aged ships, fatalities or injuries, and environ-
mental pollution.

The data reported by EU Member States
is centralized annually in the EMCIP (Euro-
pean Marine Casualty Information Platform)
database, the European platform for infor-
mation on any maritime incident, which stores
and analyses all information on maritime cas-
ualties/incidents [4]. The maritime accidents
and incidents analyzed in this survey concern
ships flying the flag of one of EU Member
States and occurring in their internal waters or
territorial seas.

Method

The research method consisted of an exten-
sive review of the literature on maritime acci-
dents, the main causes and factors, as well as
the consequences of these accidents [1], [2],
(8], [9], [11], [12], [14], [16], [18], [19], [20],
[23], to which the EMSA reports from 2014-
2022 were added. The paper also presents sta-
tistics in the form of graphs and tables on the
total number of maritime accidents/incidents
on different types of ships, the evolution of ac-
cidents according to their severity, the evolu-
tion of different types of ships/number of
ships involved in maritime accidents, the evo-
lution of maritime accidents/incidents by sea-
time by sailing areas, evolution of lost/dam-
aged ships as a result of maritime casualties,
evolution of environmental pollution types as
aresult of accidents and pollution incidents by
the type of ship, percentage of main factors
contributing significantly to maritime casual-
ties by the type of ship.

The stages of the developed methodol-
ogy are presented in Figure 1.
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Fig. 1 The stages of the developed
methodology

4. FINDINGS

1. Maritime accidents and incidents
and their evolution between 2014 and 2022

Based on EMCIP figures, the total num-
ber of incidents during this period was 23,814,
with an annual average of 2646 [4]. Of these
incidents, 2.6% were very serious accidents
(involving total loss of the ship/total loss of
life/advanced environmental damage), 28.5%
were serious accidents (which may consist of
fire/explosion, hull rupture, collision with an
obstacle or another ship, grounding of the
ship, damage involving towing of the ship),
53.9% were less serious accidents, and 15%
were marine incidents (which are related to
ship operations and may affect the safety of
the ship if timely action is not taken) (Figure
2 and Figure 3).

2012 2014 2016 2018 2020 2022 2024
Year
Fig. 2 Total number of maritime acci-
dents/incidents between 2014 and 2022 for
ships belonging to EU Member States (pro-
cessing after [4])
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Fig. 3 Trend in the number of maritime acci-
dents by severity for ships belonging to EU
Member States between 2014 and 2022 (pro-
cessing after [4])

Based on the information presented in
Figure 3, the following can be noted:

In 2014, out of 2584 accidents, 3.56%
were very serious marine accidents, 32.89%
were serious marine accidents, 55% were less
serious marine accidents, and 8.55% were ma-
rine incidents.

The year 2015 was characterized by 2687
accidents of which 1793 were cargo ships. Out
of the total accidents, 3% were very serious
marine accidents, 25.65% were serious ma-
rine accidents, 54.65% were less serious ma-
rine accidents, and 16.7% were marine inci-
dents.

The main causes of these maritime acci-
dents were loss of control, damage to ships or
equipment, collision, contact, and fire/explo-
sion [5].

Between 2016 and 2018, the total num-
ber of reported accidents was around 2650,
and in terms of severity, they were categorized
as follows: 3% very serious, 30% serious, and
55% less serious, while 12% were maritime
incidents [4].

In the following year, the number of ac-
cidents increased by 113 from the previous
year to 2782, of which 56% were less serious
marine accidents, followed by serious marine
accidents at 27.3%, then 14% were marine in-
cidents, and only 2.7% were very serious ac-
cidents. After this peak in 2019, the number of
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marine accidents reported in the following
year decreased to 2594, with the highest share
being less serious marine accidents (53.85),
followed by serious marine accidents (28%),
with very serious accidents accounting for
1.96%.

In 2021 there was an increase in these ac-
cidents by 98 compared to 2020, and in 2022,
due to low traffic in 2020, with a slight in-
crease in 2021 due to the COVID pandemic,
they fell to 2510, making this year a positive
year. Thus, of the total number of ships in-
volved in marine accidents, 53% were less se-
rious accidents, 24% were serious accidents,
and only 1.75% were very serious accidents,
which is also the lowest percentage recorded
for this type of accident, in the whole period
analyzed [4], [5], [6]. This downward trend
applies to cargo and fishing vessels.

2. Ships involved in maritime accidents and
incidents between 2014 and2022

Ships involved in maritime accidents/in-
cidents between 2014 and 2022 are catego-
rized as follows: cargo ships, passenger ships,
fishing vessels, service ships, and other types
of ships.

Of all accidents during the analyzed pe-
riod, 61.5% are attributed to cargo ships,
22.3% to passenger ships, and only 16.2% to
service ships [4].

An overview of the evolution of the dif-
ferent types of ships involved in maritime ac-
cidents/incidents is presented in Figure 4.
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Figure 4 Evolution of the different types of
ships involved in maritime accidents/inci-
dents betweenin the period 2014 and 2022

(processing after [4])
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Figure 4 shows that for the whole period
under analysis, the highest share of vessels in-
volved in maritime accidents/incidents are
cargo ships, with a share between 45.7% and
53.65%, followed by passenger ships with a
share between 17.74% and 24.72%, and in
third place are fishing vessels with a share be-
tween 13%-21%.

The total number of ships involved in
these shipping accidents reported during the
period under review, including their averages,
is shown in Table 1

Table 1 Total number of ships involved in
maritime accidents and their averages, 2014-

2022 [4]
Ship type Total number of ships involved in maritime | Average
accidents
Cargo ship 12502 1389
Passenger ship 5688 632
Fishing ship 4339 307
Service ship 55 284
Other type of ship 802 89

Regarding cargo ships, the trend in the
number of maritime accidents, by severity, for
the period 2014-2022, is shown in Figure 5.
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Fig. 5 Trends in the number of shipping acci-
dents for cargo ships belonging to EU Mem-
ber States, by seriousness, for the period
2014-2022 (processing after [4])

As shown in Figure 5, the number of
maritime accidents for cargo ships peaked in
2015 and then decreased to 1196 accidents in
2022. Over the whole period 2014-2022, very
serious accidents trended downwards, with a
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peak of 55 accidents in 2018; serious acci-
dents decreased from a peak (376) in 2018 to
267 in 2022; less serious accidents accounted
for the largest share, with a peak (773) in 2015
and another peak (763) in 2017, on a down-
ward trend from 2020; maritime incidents rec-
orded the highest values in 2015 (365) and
2021 (349).

3. Main shipping areas where maritime ac-
cidents occurred between 2014 and 2022

Regarding the locations where these ac-
cidents occurred, port areas (inland waters),
the territorial sea, and the open sea are the
most common. Between 2014 and 2022,
51.5% of maritime accidents occurred in in-
land waters, 24.3% in the territorial sea, and
20.8% in the open sea (Figure 6). The geo-
graphical area with the highest number of in-
cidents, for cargo ships, was the Mediterra-
nean Sea [4]. In terms of the percentage of
these maritime accidents, by type of ship and
sailing area, these are shown in Figure 7.

1% ~2.4%

20.80%
=

= Inland waters = Internal waters = Territorial sea

Open sea = Other

Fig. 6 Percentage of maritime accidents by
navigation areas between 2014 and 2022 (af-

ter [4])
. 14.80% -
22.40%
59.20% 1.60%
50% 2 19% 37% 12.70%
. I m
Inland waters Internal waters Territorial sea  Open sea Other

# cargo ships u Passenger ship Fishing ship

Service ship m Other type of ships

Fig. 7 Percentage of shipping accidents by
type of ship and by navigation area between
2014 and 2022 (processing after [4])
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Figure 7 shows that for cargo ships, 55%
of maritime casualties occurred in internal wa-
ters, 20.2% of them occurred in the open sea,
and 19.8% occurred in the territorial sea. For
passenger vessels, 67% of accidents occurred
in internal waters. And for fishing vessels,
these accidents had the highest share (42.7%)
in "open sea", followed by 37% in "territorial
sea". Service vessels had 59.2% of accidents
in internal waters.

4 Consequences of maritime accidents
and incidents between 2014 and 2022
4.1 Consequences of the Human Factor

As a result of the occurrence of maritime
accidents/incidents, between 2014 and 2022,
there were a series of consequences, such as
the deaths of crew members on the ship, their
injuries, lost or damaged ships, and conse-
quences on the environment.

The number of fatalities was 604, with an
average for the period analyzed of 67 fatali-
ties/year and a total of 6781 reported injuries,
with an average of 753 injuries/year. In the
same period, the number of injuries for on-
board passengers was lower than for the crew
[4].

Among the deaths caused as a result of
maritime accidents, 32.2% were due to "Col-
lisions" (which were reduced in the years
2015, 2018, 2022), 22.7% due to "Flood-
ing/founding", and 18.2% resulted as a out-
come of "Capsizing/listing"[4], [6].

The main causes of injuries were "Colli-
sions", with a proportion of 24.2%, "Contacts"
(21.6%), "Damage/loss of equipment”
(14.6%), and "Fire/Explosion" (11.7%) [4],

[6].
4.2 Consequences for Ships
Other consequences of accidents during

this period were lost ships (Figure 8) and dam-
aged ships (Figure 9).
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Fig. 8 Evolution of vessels lost between 2014
and 2022 (processing after [4])

As shown in Figure 8, 22 cargo vessels,
13 passenger vessels, 110 fishing vessels, 20
service vessels, and 18 other types of vessels
were lost. Thus, the total number of vessels
that were lost was 183 for all vessel types,
with fishing vessels accounting for 60.1%,
with a peak of these losses in 2018.
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Fig. 9 Evolution of vessels that were dam-
aged between 2014 and 2022
(processing after [4])

Figure 9 shows the evolution of damaged
ships, which reached a peak in 2019 (1233
damaged ships), after which it followed an up-
ward trend, reaching 524 damaged ships in
2022. Of the types of ships damaged during
this period, 4363 were cargo ships, followed
by passenger ships (2164), and fishing vessels
(1067). The most damaged cargo and passen-
ger ships were in 2019 (608 cargo ships and
366 passenger ships), and the most damaged
fishing vessels (170) were in 2016.
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4.3 Environmental consequences

In terms of the environment, the conse-
quences of shipping accidents during this pe-
riod led to 542 cases of pollution with fuel oil,
cargo residues, lubricating or hydraulic oils
(Figure 10).

Figure 10 shows the pollution cases,
where, from 2014 to 2022, the number of pol-
lution cases decreased significantly from 98 in
2014 to 38 in 2022. The minimum of pollution
cases (37) was recorded in 2020 due to the
COVID-19 pandemic. Pollution cases by ship
type are presented in Table 2.
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Fig. 10 Evolution of pollution types between
2014 and 2022 (processing after [4])

Table 2 Pollution cases by ship type [4]

Ship type Number of pollution %
cases

Cargo ships 290 53.5
Passenger ships 71 13.1
Fishing ships 86 15.9
Service ships 82 15.1
Other types of ships 13 24
Total 542 100

5. Main contributing factors to mari-
time accidents/incidents between 2014 and
2022

The main factors (conditions) leading to
maritime accidents are: 'Human action', 'Sys-
tem or equipment failure', 'Other vessel', 'Haz-
ardous material', and 'Unknown' [4]. For the
period 2014-2022, the percentage of factors
leading to maritime accidents is presented in
Figure 11.
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Fig 11 Percentage of factors leading to ma-
rine casualties between 2014 and 2022
(based on [4])

As shown in Figure 11, 'Human action'
has the highest share (59.1%), followed by
'System or equipment failure' (25.3%).

The percentage of these factors contrib-
uting to maritime accidents between 2014 and
2022 for the different ship types is shown in
Table 3.

Table 3 Percentage of the factors that con-
tributed to marine casualties between 2014

and 2022, by ship type [4]

Factor Ship type
Cargo | Passenger | Fishing | Service | Othertypes
ships ships ships ships of ships

Human action 612 541 563 618 60
Hazardous material 63 5 42 38 29
Other vessel 98 6.9 6.3 6.9 114
System or equipment| 214 335 28 26 257
fatlure
Unknown 13 0.5 52 15

Total

'Human action' is the most common fac-
tor in maritime accidents, followed by 'System
or equipment failure', which is higher for pas-
senger and fishing vessels.

5. CONCLUSIONS

European maritime transport is highly
competitive, offering the possibility to eco-
nomically transport goods and passengers
through the seas, canals, and inland water-
ways of EU Member States.

Maritime accidents and incidents are
quite frequent and they pose a permanent
threat to human life, the ship, and especially
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the marine environment. It is important to un-
derstand the history of maritime accidents and
incidents to find solutions to prevent them in
the future.

In the present paper, a statistical analysis
of maritime accidents and incidents that oc-
curred between 2014 and 2022 has been car-
ried out, identifying the ships belonging to EU
Member States involved in these accidents,
the sailing areas where these accidents fre-
quently occurred, their consequences, as well
as the main factors that contribute to the oc-
currence of maritime accidents and incidents.

The most common ships involved in
maritime accidents and incidents between
2014 and 2022, belonging to EU Member
States, were cargo ships, passenger ships,
fishing vessels, service vessels, and other type
of ships.

The main major contributing factors or
conditions to maritime accidents between
2014 and 2022 were 'Human action', 'System
or equipment failure', 'Other vessel', 'Hazard-
ous material', and 'Unknown', with the highest
weight belonging to the 'Human action' factor.

In terms of the consequences of these
maritime accidents and incidents between
2014 and 2022, involving ships belonging to
EU Member States, they consisted of deaths
(604), injuries (6781), damaged ships (8545),
lost ships (183), and 542 cases of pollution
with fuel oil, cargo residues, lubricating or hy-
draulic oils.

REFERENCES

[1] Awal, Z.1., Kazuhiko, H. A. “Study on Ac-
cident Theories and Application to Mari-
time Accidents”. Procedia Eng. 194, pp.
298-306, 2017.

[2] Bundesstelle fur Seeunfalluntersuchung.
“Annual Report 2023”.Accessed: July. 25,
2024. [Online]. Availa-
ble:https://safety4sea.com/wp-content/up-
loads/2024/06/BSU-Annual-Report-
2024 06.pdf

62

[3] Dominguez-Pery, C., Vuddaraju, L.N.R.,
Corbett-Etchevers, 1., Tassabehji, R. “Re-
ducing maritime accidents in ships by
tackling human error: A bibliometric re-
view and research agenda”. J. Ship. Trade.
6, 20, 2021.

[4] EMSA. “Annual Overview of Marine Cas-
ualties and Incidents”, 2023. Accessed:
June. 20, 2024. [Online]. Available:
https://emsa.europa.ceu/publica-
tions/item/5052-annual-overview-of-ma-
rine-casualties-and-incidents.html

[5] EMSA. “Safety analysis of EMCIP data.
Analysis of navigation accidents”. 2022.
Accessed: June. 10, 2024. [Online]. Avai-
lable: https://maritimecyprus.com/wp-
content/uploads/2022/09/EMSA-Naviga-
tion-Accidents-Summary-report-V 1.pdf

[6] EMSA. “Facts & Figures”. 2023. Ac-
cessed: June. 10, 2024. [Online]. Avai-
lable: https://emsa.europa.cu/publica-
tions/item/5176-emsa-facts-figures-
2023.html

[7] Hasanspahic, N., Vujicic, S., Francic, V.,
Campara, L. “The Role of the Human Fac-
tor in Marine Accidents. J. Mar. Sci. Eng.
9,261, 2021.

[8] Liu, C.P., Ching-Wu, C., Gin-Shuh, L.,
Su, Y. “Establishing marine accident clas-
sification: A case study in Taiwan”. J. East
Asia Soc. Transp. Stud. 6, pp. 952-967,
2005.

[9] Maceiras, C.; Cao-Feijoo, G.; Pérez-Ca-
nosa, J.M.; Orosa, J.A. “Application of
Machine Learning in the Identification
and Prediction of Maritime Accident Fac-
tors”. Appl. Sci. 14, 7239, 2024.

[10] Maceiras, C., Pérez-Canosa, J.M., Ver-
gara, D., Orosa, and J.A. “A Detailed Iden-
tification of Classificatory Variables in
Ship Accidents: A Spanish Case Study”. J.
Mar. Sci. Eng. 9, 192, 2021.

[11] Marinoa, M., Cavallaro, L., Castro, E.,
Musumeci, R. E., Martignoni, M., Roman,
F., Foti, E. “Analysis on a database of ship
accidents in port areas”. Data in Brief, 48,

© Galati University Press, 2024



The Annals of “Dunarea de Jos” University of Galati

Fascicle XI

pp.109127, 2023.
https://doi.org/10.1016/j.dib.2023.109127
[12] Nazzar Niyaz, N., Zadjali, A. A., Issa-
Zadeh, S. B., Garay-Rondero, C. L. “Cri-
sis Management of Maritime Accidents in
the European Union: An Analytical Ap-
proach”. Proceedings of 14th Interna-
tional Conference of Advanced Research
in Science, Engineering and Technology,
Vancouver, Canada, 2024. Available:
https://en.civilica.com/doc/2043812/

[13] Safety and Shipping Review. “An annual
review of trends and developments in
shipping losses and safety”, 2023. Ac-
cessed: June. 16, 2024. [Online]. Availa-
ble: https://commercial.allianz.com/con-
tent/dam/onemarketing/commercial/com-
mercial/reports/ AGCS-Safety-Shipping-
Review-2023.pdf

[14] Vinagre-Rios, J., Pérez-Canosa, J.M., Ig-
lesias-Baniela, S. “The effect of circadian
rhythms on shipping accidents”. J. Navig.
74, pp. 1189-1199, 2021.

[15] Xue, J., Papadimitriou, E., Reniers, G.,
Wu, C., Jiang, D., van Gelder, and
P.H.A.J.M. “A comprehensive statistical
investigation framework for characteris-
tics and causes analysis of ship accidents:
a case study in the fluctuating backwater
area of three gorges reservoir region”.
Ocean. Eng. 229, 108981, 2021,
https://doi.org/10.1016/j.
oceaneng.2021.108981

[16] Yip, T.L., Talley, W.K., Jin, D. “The ef-
fectiveness of double hulls in reducing
vessel accident oil spillage”. Mar. Pollut.
Bull. 62 (11), pp. 2427-2432, 2011.
https://doi.org/ 10.1016/j.marpol-
bul.2011.08.026.

[17] Youn, I.H., Park, D.J., Yim, J.B. “Anal-
ysis of lookout activity in a simulated en-
vironment to investigate maritime acci-
dents caused by human error”. Appl. Sci.
9,4,2019.

© Galati University Press, 2024

[18] Wang, J., Pillay, A., Kwon, Y., Wall, A.,
Loughran, C. “An analysis of fishing ves-
sel accidents”. Accid. Anal. Prev. 37, pp.
1019-1024, 2005.

[19] Zaib, A., Yin, J., Khan, R.U. “Determin-
ing role of human factors in maritime
transportation accidents by fuzzy fault tree
analysis (ffta)”. J. Mar. Sci. Eng. 10 (3),
381, 2022.
https://doi.org/10.3390/jmse10030381.

[20] Zhang, M., Conti, F., Le Sourne, H., Vas-
salos, D., Kujala, P., Lindroth, D., Hir-
daris, S. “A method for the direct assess-
ment of ship collision damage and flood-
ing risk in real conditions”. Ocean. Eng.
237, 109605, 2021.
https://doi.org/10.1016/j.
oceaneng.2021.109605.

[21] Zheng, K., Chen, Y., Jiang, Y., Qiao, S.
“A svm based ship collision risk assess-
ment algorithm”. Ocean. Eng. 202,
107062, 2020. https://doi.org/10.1016/j.
oceaneng.2020.107062.

[22] Zhu, Y., Ma, W., Feng, H., Liu, G,,
Zheng, P. “Effects of preparedness on suc-
cessful emergency response to ship acci-
dent pollution using a Bayesian network”.
J. Mar. Sci. Eng. 10 (2), 179, 2022.
https://doi.org/10.3390/jmse10020179.

[23] Regulation (EC) no. 417/2002. Ac-
cessed: September. 20, 2024. [Online].
Available: https://www.legisla-
tion.gov.uk/eur/2002/417/contents

[24] Regulation (EC) no. 1406/2002. Ac-
cessed: September. 20, 2024. [Online].
Available: https://www.european-
sources.info/record/proposal-for-a-regula-
tion-on-the-european-maritime-safety-
agency-and-repealing-regulation-ec-no-
1406-2002/

[25] Directive 2002/59/EC. Accessed: Sep-
tember. 20, 2024. [Online]. Available:
https://portal.rna.ro/SiteAssets/servi-
cii/vts-trafic-maritim/2002-59-
EC%20-%2028.10.2014%20en.pdf

[26] Regulation (EC) no. 391/2009. Ac-
cessed: September. 20, 2024. [Online].

63



Fascicle X1

The Annals of “Dunarea de Jos” University of Galati

Available: https://www.eumoni-
tor.eu/9353000/1/j9vvik7m1c3gyxp/vkqj
gawyjSyc

[27] Directive 2009/15/EC. Accessed: Sep-
tember. 20, 2024. [Online]. Available:
https://www.eumon-
itor.eu/9353000/1/j9vvik7Tml1c3gyxp/vj3e
cgdj8jzy

[28] Directive 2009/18/EC. Accessed: Sep-
tember. 20, 2024. [Online]. Available:
https://www.fao.org/faolex/results/de-
tails/en/c/LEX-FAOC087945/

[29] Regulation (UE) no. 530/2012. Ac-
cessed: September. 20, 2024. [Online].

64

Available: https://www.eumoni-
tor.eu/9353000/1/j4nvk6yhcbpeywk jOvv
ik7mlc3gyxp/vj104frwiazq

[30] Regulation (UE) no. 100/2013. Ac-
cessed: September. 20, 2024. [Online].
Available: https://maritime.public.lu/dam-
assets/reg-eu/100-2013-en.pdf

Paper received on October 11", 2024

© Galati University Press, 2024



