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ABSTRACT

The Aegean Sea is risky for marine accidents due to its geography and dense vessel traffic. Re-
vealing the patterns of marine accidents in the region is essential for preventing such accidents in
the future. With this motivation, this study analyzes the data on maritime accidents in the Aegean
Sea Turkish Search and Rescue Region. For this purpose, the descriptive analysis of the 576 marine
accidents in the region between 2001 and 2020 was accomplished. Moreover, by applying hypoth-
esis tests, the relationships between the factors that affect the occurrence of marine accidents were
investigated. As a result, the most common contributing factors to the event of accidents were
revealed. The relationships between the variables of the data set were determined. Accordingly,
the type of ship with the most accident are yacht/recreational boat. Hull/machinery failure is the
most common type of accident, and summer is the most frequent season for maritime accidents. It
was revealed that there are significant relationships between the variables such as the type of acci-
dent, the sub-region where the accident occurred, the time of the accident, and the ship type. Fi-
nally, deficiencies were evaluated, and suggestions were made for more effective investigation and
prevention of accidents.
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Introduction

Geographically, the Aegean Sea is a semi-closed sea located
between 41°-35° north latitudes and 23°-27°/28° east longi-
tudes (Baseren, 2006). Its average depth is approximately 350
meters. Its length in the north-south line is 660 km. The
length of the east-west line is 270 km in the north, 150 km in
the middle, and 400 km in the south. Together with the Turk-
ish Straits, the Aegean Sea forms a vital waterway connecting
the Black Sea and the Mediterranean.

Maritime trading, tourism, and fishing take place in the Ae-
gean Sea intensely. Aegean Sea shipping is 75% of all marine
trade to Turkish ports. Furthermore, ships sailing in this area
supply 75% of Tiirkiye's oil demands (Kurumahmut, 1998).
Regarding marine tourism, approximately 5.4 million tourists
visited Mugla and izmir cities on the coasts of the Aegean
Sea in 2019 (TUIK, 2020). In addition, the Aegean's coasts
and islands are the regions where cruise ships frequently visit
and where marine activities are intense (Akay, 2020; DTO,
2019). Geographically, there are narrow passages and straits
created by more than 1800 islands. Therefore, maritime acci-
dents frequently occur in the area and pose severe risks to life,
economic and environmental issues. Analyzing marine acci-
dents and taking measures to prevent them will contribute to
mitigating or eliminating these risks.

Directorate General of Coastal Safety of Tiirkiye provides
vessel traffic services in the Aegean Sea to control maritime
traffic effectively and reduce maritime accidents. izmir Ves-
sel Traffic Center and Turkish Straits Vessel Traffic Center,
affiliated with the Directorate General of Coastal Safety,
serve in the Aegean Sea Turkish Search and Rescue Region.
While the marine area between Babakale and Cesme and the
Izmir Bay is under the responsibility of izmir vessel traffic
services, the marine area being used to approach the Canak-
kale Strait is under the obligation of the Turkish Straits Vessel
Traffic Services (KGM, 2020).

This study performed a statistical analysis of maritime acci-
dents that occurred over 19 years in the Turkish search and
rescue region of the Aegean Sea. In addition, hypothesis tests
were performed in the SPSS statistics among the variables
that make up the data set. The study aims to present the pat-
tern of marine accidents in the relevant region and to present
a way out of measures that can be taken to reduce such acci-
dents in the future. The findings obtained are thought to be
useful for safe management for maritime stakeholders. In the
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ongoing sections, the geographical field of the study, data
collection process, methods, application of the method, find-
ings, discussion, and conclusion sections are included, re-
spectively.

Literature Review

A survey of the literature reveals that the majority of research
that analyzes marine accidents included statistical analysis,
causation investigation, and the determination of hazard or
risk maps. Ece (2011), in the paper on marine casualties in
the Istanbul Strait, studied statistical analysis of the time of
the accidents, accident types, and the types of ships involved
(Ece, 2011). Biiber and T6z (2017) conducted an accident
risk analysis using Geographical Information Systems (GIS)
for maritime casualties in the Turkish Port Regions of the Ae-
gean Sea (Biiber and To6z, 2017). Kuleyin and Aytekin (2015)
statistically analyzed the marine casualties in Canakkale
Strait between 2004-2014 and suggested preventing future
accidents (Kuleyin and Aytekin, 2015). In his master’s thesis,
Kizkapan (2010) performed statistical analysis related to ac-
cidents of vessels engaged on international voyages at the
coasts of Tiirkiye between 2004 and 2008 (Kizkapan, 2010).
Park and Ahn (2007) analyzed the variance of accident infor-
mation such as accident time, vessel speed and distance with
the SPPS program for a period of 10 years (Park and Ahn,
2007). Aalberg et al. carried out a bivariate t-test and chi-
square analysis of marine casualties in Norwegian waters in
the light of data on ship information, ship behaviour, accident
type, and external factors (Aalberg et. al., 2016). Kili¢ and
Sanal (2015) conducted a statistical analysis of the grounding
accidents that took place between the borders of the Canak-
kale Strait between 2000 and 2011 and analyzed the causes
of these accidents using the fault tree analysis method (Kili¢
and Sanal, 2015). Raiyan et al. (2017), in their study, exam-
ined the marine casualties that occurred in Bangladesh waters
between 1974 and 2014 and obtained findings of the causes
of accidents with the event tree analysis (Raiyan et. al., 2017).
Mullai and Paulsson (2011) aimed to design a conceptual
model for the analysis of marine casualties with their study
using metric and non-metric variables with the marine casu-
alty data they obtained from the Swedish Maritime Admin-
istration (Mullai and Paulsson, 2011). Dobbins and Abkowitz
(2010) have explored how advanced information technolo-
gies can be used to assess US sea routes’ hazard risk using
GIS (Dobbins and Abkowitz, 2010). Shahrzad et al. (2014),
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with their study on marine casualties, proposed an accident
simulation model to evaluate the accident risk in maritime
transportation using Markov Modeling and Markov Chain
Monte Carlo Simulation (Shahrzad et. al., 2014). Kujala et
al., with their study, examined the marine casualty statistics
of the last 10 years to analyze the safety of the maritime traf-
fic in the Gulf of Finland and then evaluated the collision risk
of the ships with the theoretical model they developed
(Kujala et. al., 2009). Olga¢ and T6z (2020) examined coop-
eration activities and disputes with coastal states regarding
the search and rescue activities of marine casualties in Turk-
ish seas (Olgag¢ and T6z, 2020). Maya et al. proposed a marine
casualty learning approach with fuzzy cognitive maps com-
bined with bayesian networks to make risk assessments by
determining significance coefficients for each factor that
causes marine accidents and to develop and implement risk
control options more effectively (Maya et. al., 2020). Yilmaz
and Ilhan made a retrospective examination of the marine
casualty/incidents that resulted in death, injury, or loss in-
volving Turkish-flagged ships in the Turkish Search and Res-
cue Region (Yilmaz and ilhan, 2018). Seo and Bae analyzed
the cause of the accident and the accident statistics by exam-
ining the court reports of the marine casualties that occurred
over a period of ten years (Seo and Bae, 2002). Nas analyzed
the grounding accidents at Yenikale Pass in Izmir Bay and
made a risk assessment (Nas, 2011). Arslan et al. investigated
the causes of accidents on board that occur during cargo op-
erations at tanker terminals using a fault tree analysis ap-
proach and tested the results in a Monte Carlo simulation
(Arslan et. al., 2018). Karabacak and Koseoglu examined the
maritime accidents that took place between 2007 and 2017 in
Turkish Territorial Waters and aimed to analyze the maritime
casualties by data mining method in their paper (Karabacak
and Koseoglu, 2021). In the study he prepared, Olga¢ made a
literature review of the maritime accident analysis methods
used in the analysis of maritime accidents and introduced
these analysis methods and gave general information about
their use (Olgag, 2021). Demirci and Giilmez aimed to deter-
mine the types of marine accidents caused by human errors
on Ro-Ro cargo ships and analyzed the usefulness of the Hu-
man Factors Analysis and Classification System method in
the classification of these accidents (Demirci and Giilmez,
2021).

Material and Methods

Following the selection of the study's topic, a thorough liter-
ature review was conducted to look at earlier studies on mar-
itime accidents. Then, the data were officially provided by the
main search and rescue coordination centre (MSRCC). Find-
ings were obtained through descriptive analyzes and hypoth-
esis tests on the data. The findings of the study were com-
pared with the findings of similar studies in the discussion
section. Finally, in the conclusion section, suggestions were
made for a more effective evaluation of marine accidents. The
diagram showing the process of the study is as follows.

Study Area

The Search and Rescue Region of Tiirkiye in the Aegean Sea
geographically limits the scope of this study. The borders of
the Search and Rescue Region of Tiirkiye in the Aegean Sea
are determined by Tirkiye through The Search and Rescue
Regulation of Marine and Air Vehicle Accidents published
on October 17, 2020. The Search and Rescue Region of Tii-
rkiye in the Aegean Sea is given below in figure 1.

This study divided Tiirkiye's Aegean Sea Search and Rescue
Region into six subregions based on the geographical struc-
ture of the coastline. Each subregion was given codes from 1
to 6. The accidents are also divided and distributed according
to these six subregions. These six subregions and their codes
are shown in figure 2. The subregions are 1-North Agean, 2-
Edremit, 3-1zmir, 4-Kusadasi, 5-Bodrum, and 6-Marmaris.

Data Collection

In the scope of the study, the data set, which includes varia-
bles such as date, season, accident type, vessel type, subre-
gion, loss of life, and injury, were obtained from the Main
Search and Rescue Coordination Center's (MSRCC) under
the Ministry of Transport and Infrastructure of the Republic
of Tiirkiye. The centre gave the data set based on the authors'
official letter. The data set includes marine accidents in the
Aegean Sea Turkish Search and Rescue Region between
2001-2020 (until the 5th of March).
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Figure 1. The search and rescue region of Tiirkiye in the Aegean Sea
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Figure 2. Subregions of the Aegean Sea Turkish search and rescue region

Statistical Analysis Method

Statistical data analysis of the marine accidents that occurred
in the Aegean Sea Turkish Search and Rescue Region be-
tween 2001-2020 (till 05th March 2020) was performed using
SPSS Statistics v.23. Frequency analysis, chi-square tests and
Kruskal Wallis tests of the variables that make up the data set
were performed. Frequency analysis is a type of content anal-
ysis that makes it easy to understand the density and im-
portance of a particular item (Sezginsoy, 2007). The chi-
square test was used to investigate significant relationships
between variables that made up the data set. A Chi-square test
is applied to test the relationship between two nominal varia-
bles. The null hypothesis (HO) states that the two nominal
variables are independent of each other or, in other words, the
absence of a significant relationship between the two nominal
variables. The alternative hypothesis (HA or H1) states a sig-
nificant relationship between the two nominal variables, so

these variables are dependent (Giingér and Bulut, 2008).
Kruskal Wallis tests were applied to investigate the existence
of the relationship between categorical variables and numeric
variables. The Kruskal-Wallis test is a nonparametric hypoth-
esis test that explores the relationship between the numerical
variable and the categorical variable consisting of more than
two groups. The Kruskal-Wallis test is a one-way variance
analysis between independent variables of populations
(McKight and Najab, 2010).

Frequency Analysis

A total of 576 marine accidents occurred in the Aegean Sea
Turkish Search and Rescue Region between 2001 and 2020
were examined. The frequency of these cases based on date
(years), seasons, accident types, vessel types, subregions, loss
of life, and injury is given below.
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Figure 3. Distribution of accident/incident types by years

As is seen in figure 3, the frequency of accidents are as fol-
lows respectively: hull/equipment failure with the number
124, sinking with the number 104, grounding with the num-
ber 94, fire with the number 65, allision/collision with the
number 61, medical evacuation with the number of 42, irreg-
ular migration with the number 24, man overboard with the
number 21, other with the number 21 and capsizing with the
number 20. When the distribution of marine accidents/inci-
dents in the Aegean Sea by years is examined, it is seen that
the highest number of accidents occurred in 2019 with several
103. The year in which the least accidents occurred is 2016
with several 7. Most of the accidents in 2019 took place in the
third subregion, on yacht/recreational type ships, and during
the summer season.

Spring and summer were the seasons with the least and high-
est accidents, respectively, according to an analysis of the dis-
tribution of accidents by seasons shown in figure 4. It is also
observed that the most common type of accident during the
summer period is hull/equipment failure, followed by sinking
and fire, respectively. It was determined that the most acci-
dents in the summer season occurred in subregion 3 and
yacht/recreational vessel type.

When the types of vessels involved in accidents are examined
as in figure 5, it is understood that the yacht/recreational boat
comes to the fore with the number 274. The most common
yacht/recreational boat accident/incident types are
hull/equipment failure (77), sinking (64) and fire (42) respec-
tively. Also, It can be seen in the figure that ro-ro vessels have
the least accident number during the period under review.
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Figure 4. Distribution of accident/incident types by season (from 2001 to 2020)
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The subregions where the accidents occurred are examined in
figure 6; it is seen that the most accidents occurred in the
[zmir subregion (3) with the number of 243, followed by tour-
ism subregions Marmaris (6) with the number of 126, and
Bodrum (5) with the number of 119. Grounding is the most
common accident type that occurred in the Izmir subregion.

During the period under consideration, 224 people died in 42
accidents/incidents and 114 people were injured in 22 acci-
dents/incidents. Considering the accidents that resulted in the
loss of life, it was understood that the groups with the highest
number of loss of life cases were the year 2012 with 69 peo-
ple, the summer season with 105 people, the 4th subregion
with 80 people, the irregular migration activity with 145 peo-
ple, and irregular migrants boats with 145 people. Consider-
ing the accidents/incidents that resulted in injuries, it was un-
derstood that the groups with the highest number of injury
cases were the year 2013 with 34 people, the summer season
with 65 people, the type of fire accident with 22 people,
yacht/recreational type vessels with 59 people and the 3rd
subregion with 54 people.
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Binary Hypothesis Tests

Chi-square tests were applied to test the relationships be-
tween the 5 categorical variables of the data set, namely date,
season, accident type, vessel type, and subregion variables.
Since our categorical variables in the data set consist of more
than two subgroups, in chi-square tests, a conclusion was
reached according to the significance value (p) of the Fischer-
Freeman-Helton exact test. To reach the p-value of the
Ficher-Freeman-Helton exact test, calculations based on
Monte Carlo simulation were performed at a 99% confidence
interval and 10,000 sample scales. It is known that the exact
test p-value obtained by Monte Carlo simulation (with 10,000
samples and 99% confidence interval) is the same up to the
three decimal places with the exact test p-value obtained with
the exact option in the SPSS (Mehta and Patel, 2011). In this
concept, within the framework of chi-square tests, the hy-
pothesis and Fisher-Freeman-Halton p significance values
were formed as follows:
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Figure 7. Distribution of loss of life by years

Hy: No significant relationship between date and season.
1. Date x Season: { Ha: Hy is false.
p value = 0,000? < 0,05; so0 Hy, is supported.
Hy: No significant relationship betweeen date and Acc. Inc. type.
2. Date x Accident Type: { Ha: Hy is false.
p value = 0,000” < 0,05; so H, is supported.
Hy: No significant relationship betweeen date and vessel type.
3. Date x Vessel Type: { Ha: Hy is false.
p value = 0,000? < 0,05;so H, is supported.
Hy: No significant relationship betweeen date and subregion.
4. Date x Subregion: { Ha: Hy is false.
p value = 0,000? < 0,05; so H, is supported.
Hy: No significant relationship betweeen season and Acc. Inc. type.
5. Season x Accident Type: { Ha: Hy is false.
p value = 0,000? < 0,05; so H, is supported.
Hy: No significant relationship betweeen season and vessel type.
6. Season x Vessel Type: { Ha: Hy is false.
p value = 0,000? < 0,05; so H, is supported.
Hy: No significant relationship betweeen season and subregion.
7. Season x Subregion: { Hy: Hy is false.
p value = 0,000 < 0,05; so H, is supported.
Hy: No significant relationship betweeen Acc. Inc.type and vessel type.
8. Accident Type x Vessel Type: { Ha: Hy is false.
p value = 0,000? < 0,05; so H, is supported.
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Hy: No significant relationship betweeen Acc. Inc. type and subregion.
9. Accident Type x Subregion: { Ha: Hy is false.
p value = 0,000? < 0,05; so H, is supported.
Hy:No significant relationship betweeen vessel type and subregion.

10.  Vessel Type x Subregion: { Ha: Hy is false.

p value = 0,000? < 0,05; so H, is supported.

As a result of the chi-square tests carried out within this
framework, it has been determined that there are significant
relationships between date and season, accident type, vessel
type, and subregion; between season and accident type, ves-
sel type and subregion; between accident type and vessel type
and subregion; between vessel type and subregion.

that these variables don’t conform to the normal distribution
and their variances were not homogeneous. Therefore, to ex-
amine the relationship between categorical variables and
these two numerical variables, nonparametric Kruskal Wallis
tests were applied instead of the parametric one-way
ANOVA test. Hypotheses and P asymptotic values obtained

] ) ) as a result of Kruskal Wallis tests are as follows:
According to the normality and homogeneity test results ap-

plied to the variables loss of life, and injury, it was understood

Hy: The medians of the groups of the date are equal.
Hy: Hy is false.
p value = 0,271 > 0,05;s0 H, is supported.
Hy: The medians of the groups of the season are equal.
2. Season x Loss of Life: {HA: Hy is false.
p value = 0,642 > 0,05; so Hy is supported.

Hy: The medians of the groups of the accident type are equal.
Hy: Hyis false.
p value = 0,000 < 0,05; so H, is supported.
Hy: The medians of the groups of the vessel type are equal.
Hy: Hy is false.
p value = 0,000 < 0,05; so Hy is supported.
Hy: The medians of the groups of the subregion are equal.
Hy: Hy is false.
p value = 0,553 > 0,05;s0 H, is supported.
Hy: The medians of the groups of the date are equal.
Hy: Hy is false.
p value = 0,000 < 0,05; so H, is supported.

Hy: The medians of the groups of the season are equal.
7. Season x Injury: {HA: H, is false.

p value = 0,043 < 0,05;s0 Hy is supported.
Hy: The medians of the groups of the accident type are equal.
Hy: Hy is false.
p value = 0,000 < 0,05; so Hy is supported.
Hy: The medians of the groups of the vessel type are equal.
Hy: Hy is false.
p value = 0,377 > 0,05;s0 H, is supported.
Hy: The medians of the groups of the subregion are equal.
Hy: Hy is false.
p value = 0,606 > 0,05;s0 H, is supported.

1. Date x Loss of Life:

3. Accident Type x Loss of Life:

4. Vessel Type x Loss of Life:

5. Subregion x Loss of Life:

6. Date x Injury:

8. Accident Type x Injury:

9. Vessel Type x Injury:

10. Subregion x Injury:
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According to the results of the Kruskal Wallis tests, it was
determined that the medians of the groups in the accident type
and vessel type have a significant difference in terms of the
number of losses of life. it was also determined that the me-
dians of the groups of the date, season, and subregion do have
not a significant difference in terms of the number of losses
of life.

In the Kruskal Wallis tests performed for the injury, it was
observed that the medians of the groups in the date, season,
and accident type have a significant difference in terms of the
number of injuries. No significant difference was found be-
tween the medians of the groups of subregion and vessel type
in terms of the injury.

Results and Discussion

According to the findings obtained within the scope of the
study, the region with the highest number of accidents in the
Aegean Sea is the Izmir subregion, which includes the izmir
Bay, Candarli Bay, and izmir offshore. When the locations of
marine accidents in this region are examined, it is seen that
grounding accidents occur frequently in the Yenikale Pas-
sage. Biiber and Toz (2017) stated that there were many
grounding accidents in the Yenikale Passage in Izmir Bay and
that this area poses a high risk for ships with large draughts
(Biiber and To6z, 2017). Nas (2011) reported similar results
that the frequent occurrence of grounding accidents at the Ye-
nikale Passage. In the same study, Nas stated that the riskiest
action for the Yenikale Passage is collusion during the ma-
noeuvre to avoid grounding, and collusion at this location
may stop the marine transport to izmir Port for a long time
(Nas, 2011). Within the Aegean Sea Turkish Search and Res-
cue Region, it has been observed that summer is the season
with the highest number of accidents and the type of ship in-
volved in the most accidents is a yacht/recreational boat.
Yilmaz and ilhan (2018), in their study analyzing the marine
accidents in the Turkish Search and Rescue Region, in addi-
tion to reporting the same results, also stated that more than
half of those injured in these accidents were amateur fisher-
men/amateur sailors (34.6%) and professional seafarers
(29.6%) (Yilmaz and ilhan, 2018).

Karabacak and Kd&seoglu examined 738 maritime accidents
that took place in Turkish territorial waters between 2007-
2017 and they reached some statistical findings about these
accidents (Karabacak and Kd&seoglu, 2021). Karabacak and
Koseoglu found that the most common type of accident was

conflict accidents, and the most common type of ship in-
volved in the accident was a dry cargo ship. In the study they
prepared, they stated that the majority of the accidents oc-
curred in the Turkish Straits and the Marmara Sea, where
maritime traffic is the most intense. In this study, it was found
that yacht/recreational boats were the most involved in the
accident in the Aegean Sea Turkish Search and Rescue Re-
gion, and the accidents resulting in hull/equipment failures
were the most common accidents. Due to the geographical
structure of the Aegean Sea and the fact that this region is a
denser sea area than the Marmara Sea in terms of tourism ac-
tivities, it is considered that the findings related to the acci-
dents in this sea are different from the study by Karabacak
and Kdoseoglu.

Aalberg et.al. (2016) analyzed the marine casualties in Nor-
wegian seas by performing t-test and chi-square tests within
the framework of data such as ship type, ship's age, ship's
flag, route, speed, operation time, accident type, and external
factors (traffic density, day or night, etc.) (Aalberg, 2016). It
has been understood that studies conducted with data sets
containing such detailed information give more healthy and
understandable results. Generally, such detailed information
is not taking place in the data sets used in the statistical anal-
ysis of marine casualties. In this respect, it is important to rec-
ord data completely after accidents in order to make a more
accurate analysis of marine casualties. Also, in order to ben-
efit from previous academic studies on marine casualties, it is
crucial to standardize the classification of data such as acci-
dent type and ship type, etc. Classification of maritime acci-
dents as specified in the code and directive IMO, 2009/18 /
EC published by IMO in 2009 will be useful in achieving this
goal (IMO, 2019).

Conclusion

In this study, the marine accidents/incidents that occurred in
the years between 2001-2020 in the Aegean Sea Turkish
Search and Rescue Area are examined. As a result of the anal-
ysis, it was found that the yachts/recreational boats were the
most frequent ship type that accidents occurred, and
hull/equipment failure was the most common accident type,
in the mentioned region and period. Besides, it was deter-
mined that in Izmir Bay and Aliaga-Nemrut Port Regions,
large ships such as dry cargo ships were involved in accidents
such as grounding and allision to the pier.
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As a Peninsula country, in Tiirkiye, the private and commer-
cial activities of yachts are getting increased year by year.
Hence, the ascending accident rate of these ships is an ex-
pected situation. In order to reduce accidents in yachts/recre-
ational boats, it would be beneficial to handle, analyse and
publish such accidents differently from cargo ships. In this
manner, the authorities will be assisted in taking effective
measures to prevent such accidents. It is vital that ships nav-
igating in the region comply with the guidance of Izmir Ves-
sel Traffic Services and benefit from pilotage and towage ser-
vices when necessary, in order to prevent accidents.

Due to marine transport density, marine tourism level, and
irregular migration activities, the Aegean Sea is a waterway
that contains importance and risk together. The effectiveness
of marine casualty analysis has of great significance in reduc-
ing marine casualties in this region. For an effective accident
analysis, it is necessary to keep an accurate and detailed rec-
ord of the data of each accident. The results obtained from the
analysis should be discussed altogether by public institutions,
academics, and maritime sector stakeholders and the most ef-
fective steps should be taken to prevent accidents.
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