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The aim of this study is to investigate the relationship between accident types and the
regions where the accidents occur, and to examine whether the resources required for
accident prevention are distributed appropriately in the accident regions. In the study, the
relationship between seven different types of accidents that occurred in seven different
regions between the years of 2001-2016 was analyzed through the correspondence
analysis. This analysis has been preferred because of its successful applications in various
studies on accidents in the literature. As a result of the study, a significant relationship
was found between accident types and accident regions, which means accident types vary
by regions and there are accident types specific to accident regions. Collision in the
Istanbul, grounding in the Canakkale and capsize accidents in the Izmir were determined
to be more frequent. These findings are consistent with previous studies. It has been
observed that, among regions, there are some imbalances in the distribution of resources

used for marine accident response.

1. INTRODUCTION

In maritime transport, accidents such as collisions,
groundings, contacts, oil spills, and fires occur constantly and
often cause serious consequences [1]. There are various
organizations that examine marine accidents in different
regions around the world [2-10]. In Turkey, maritime
accidents are monitored by the Search and Rescue
Coordination Center established under the Ministry of
Transport and Infrastructure, in accordance with International
Convention on Maritime Search and Rescue (SAR-1979) [11].

Regarding accidents at sea in the literature, most studies
have focused on the marine accident risks involved [12-17]. In
this study, the relationship between the types of marine
accidents and the regions where the accidents occurred is
investigated. Among the parameters that differentiate the
regions from each other are meteorology, sea structure, sea
traffic, ship types and sizes, the profile of the seafarer working
on the ships, and the port state controls on the ships. For
example, air temperature, which is a meteorological variable,
increases the fire risk of cargo according to its flash point. Sea
features such as currents and waves can cause ships to drift
and run aground. The insufficiency of regional navigation
measures, the existence of port facilities in the region, the
density of sea traffic arising from cabotage and international
transportation increase the risk of collision. The type of cargo
carried, the type of ship, the size and age of the ship, sub-
standard ships can increase hull and engine failure in these
regions. There may be differences in the inspection of ships
between the regions and the preferred class, flag and
accordingly the working seaman profile may change according
to the regions. Therefore, limited to, a priori relationship is
expected between regions and types of marine accidents.

Analysis methods used in researches on marine accidents
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have changed in the last 50 years. As a result of a
comprehensive literature review on these methods, descriptive
analysis techniques such as "accident rate calculation" and
"descriptive statistics" were used in early studies in marine
accident research. Later, these studies continued with case
studies and probability calculations such as "basic regression",
"cost analysis", "event tree analysis". In recent studies, it is
seen that methods such as "Formal Safety Assessment (FSA)",
"Bayesian Networks (BN)", "Artificial Neural Networks
(ANN)", "Analytic Hierarchical Process (AHP)", "Fuzzy Fault
Tree Analysis (FFTA)", "Balanced Score Card (BSC)",
"Evidential Reasoning (ER)", "Geographical Information
System (GIS)" that require multivariate and multidisciplinary
approach are used. Especially after 1995, many studies have
adopted econometric methods to find causal factors [18].

The correspondence analysis used in this study is one of the
multivariate statistical techniques. This method has two main
advantages: the first is that when investigating the relationship
between categorical variables, a distribution assumption is not
needed for these variables, and the second is that it not only
determines the relationships between categorical variables, but
also provides visual representation of this relationship. By
visualizing the relationship, more detailed inferences can be
made about the relationships between categories of variables.
It also gives an idea of the strength of the relationship in
question.

In this study, all marine accidents in Turkey's territorial
waters with a holistic view all along the 16 years between the
years 2001-2016 for the first time. The purpose of the study is
to examine the relationship between accident types and the
regions where the accident occurred, and accordingly, to
investigate the suitability of resource distribution used for
intervention in accidents in the waters of the region. For this
purpose, by using data regarding administrative regions of
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Canakkale, Izmir, Mersin, Samsun, Trabzon, Antalya and
Istanbul, seven different accident types, including capsize,
collision, fire, grounding, ship loss, dangerous situation and
other types of accidents have been studied.

2. PREVIOUS ACCIDENT STUDIES IN REGION

Although there are many studies in the literature regarding
the regions where the straits are located such as Istanbul and
Canakkale where ship traffic and accidents occur intensely, it
has been observed that there are not enough studies on other
regions. Accident zones are "Regions" that defined by the
Main Search and Rescue Coordination Center located in the
administrative region of the territorial waters designated for
Turkey. The boundaries of the regions within the data are
shown in Figure 1 on the map.
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Figure 1. The regions examined in the study and their
boundaries

The waterway consisting of the Bosphorus, the Marmara
Sea and the Dardanelles is called the Turkish Straits. Turkish
Straits is one of the busiest waterways in the world. Pilotage
service started to be implemented in 1,856 in order to reduce
the risk of accidents in ship crossings through the Turkish
Straits [19]. Turkish Straits, due to oceanographic,
hydrological and meteorological conditions, it is the second
strait where international maritime traffic is the busiest and has
navigational risks [20]. Due to various reasons, reverse
currents occur and create significant negative effects on the
navigation and maneuvering of ships in the Turkish Straits
[21]. The width of the Dardanelles Strait varies from 1 km to
6 km, and the width of the Istanbul Strait varies between 0.7-
3.5 km, and ships pass very close to the coastal areas where
densely populated areas [22]. There are many important
marine accidents in the region causing loss of life, property
and environmental [23].

The Bosphorus has had a great importance since very early
times in history as a natural canal [24]. In addition to the
difficulty of maneuvering due to the narrowness of the
Bosphorus, geographical formations such as Bebek bank,
Galatasaray Island, Maiden's Tower, Dikilikaya bench and
Umuryeri shallow also pose a risk for the navigation of ships.
Ships change their routes at least 12 times while crossing the
Istanbul Strait, and strong winds adversely affect the
maneuvers of ships having high freeboard [25]. The highest
risk of accidents in the Bosphorus is Rumeli Hisari-Anadolu
Hisar1 and Ortakdy-Beylerbeyi zones and wrong navigation
and machine failure are the main causes of the accident [26].
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The region between Kadikdy-Yenikapr and Uskiidar-Besiktas
zones are the highest local sea traffic in the Bosphorus [27].
Ship traffic in the Bosphorus has a Right Lane Layout since
1982. Most of the accidents that occurred until 2010 were
caused by human error. In another study, statistically
significant relationships were found between accident type-
accident cause-accident region, ship type-accident type, and
ship flag-accident region [28]. Izmit Gulf, located inside the
Istanbul Region, is also a region with a high risk of accidents
due to the presence of dense industrial facilities and ports. In
[zmit Gulf, the most dangerous zone is between Eskihisar and
Topcular, where 50% of the collisions and 80% of groundings
occur in this region [29]. In a study conducted for Mersin
Region, it was determined that the existence of ports and
facilities in Iskenderun Bay creates a pollution risk on the
coasts due to ship accidents [30].

3. DATA AND METHOD
3.1 Data

Accessing data on marine accidents is a worldwide problem.
Indeed, the number of accidents by IMO member Flag States
are shown less than they are [31]. Regarding maritime
accidents, comparing Lloyd's Register FairPlay (LRFP) data
with the data of the Flag States shows that the accidents
reported by the Flag States are incomplete. Database
developers and casualty investigation units need to collaborate
to provide a more reliable information service [32].
Underreporting of marine accidents is a problem not only for
authorities trying to improve maritime safety through
legislation, but also for risk management companies and other
organizations that use marine accident statistics in risk and
accident analysis. When accident data from IHS Fairplay and
some states' maritime authorities are compared, it is seen that
the number of unreported accidents accounts for roughly 50%
of all accidents [33]. Because long-term marine accident data
is required to estimate regional risk criteria and safety indices,
the maritime safety administration or authorities should
establish a complete database of ship traffic accidents and
accident recording and investigation policy [34].

In this study, data from seven different accident types in
seven different regions were used. The data set covers the total
number of accidents that occurred between the years of 2001-
2016. Data on marine accidents in Turkish territorial waters
are collected by the Ministry of Transport. The accident data
used in this study are official data obtained directly from the
Ministry. Table 1 shows the data used in the study.

Table 1. Data used in the study [35]

Cs CI Fr Gr SI Ds Ot X
Ist 88 327 92 138 5 138 74 862
Izm 93 40 50 77 2 64 23 349
Can 24 56 30 114 5 64 35 328
Ant 38 17 18 21 0 17 10 121
Sam 26 7 5 17 1 10 13 79
Mer 20 17 5 16 0 3 16 77
Tra 13 4 2 3 0 3 5 30
) 302 468 202 386 13 299 176 1,846

Cs: Capsize, Cl: Collision, Fr: Fire, Gr: Grounding, Sl: Ship Loss, Ds:
Dangerous Situation, Ot: Other, Ist: Istanbul, Izm: Izmir, Can: Canakkale,
Ant: Antalya, Sam: Samsun, Mer: Mersin, Tra: Trabzon



The distribution of accident types in seven different regions
is shown in Figure 2. More accidents occurred in Istanbul,
Canakkale and Izmir regions than in other regions. In addition,
collision accidents in Istanbul, grounding accidents in
Canakkale and capsize accidents in {zmir are more common
than other accident types.
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Figure 2. Types of accidents occurring in accident regions
3.2 Correspondence analysis

Different methods have been used in the investigation of
accidents in the literature. We prefer correspondence analysis
to determine the relationship between accident types and
accident regions because of successful applications of
correspondence analysis in the literature, especially in
accident investigations. For example, Das and Sun stated in
their study on vehicle crash that correspondence analysis is
useful to determine the most effective crash countermeasures
[36]. Li et al. showed that correspondence analysis is an
appropriate technique in determining the factors causing fire
accidents [37]. Lu et al. investigated the associations between
fatality levels and influence factors that involve place, cause,
time of day, month, year and province by using
correspondence analysis [38]. Natarajan et al. showed that
correspondence analysis can be a valid tool to analyze the
complex nature of road accidents by correlating all necessary
variables [39]. Das et al. emphasized that it is an advantage
that Correspondence analysis does not require assumptions in
determining the important factors causing accidents. In the
same study, it was emphasized that correspondence analysis
helps to present the relationship of variable categories in two-
dimensional space [40]. By examining reports on fatal
pedestrian crashes in France, the relationships between
different criteria were defined by multiple correspondence
analysis [41]. In another study on occupational accidents, the
data obtained from employees in various sectors were
analyzed by multiple correspondence analysis [42].

Correspondence analysis has also been used in studies on
marine accidents. There are quite a limited number of
academic studies on the investigation of marine accidents with
this method. For example, based on ships' AIS and accident
data, ship accidents in Norwegian waters were analyzed using
the cohesion analysis method [43]. Multiple Correspondence
Analysis was conducted to analyze human and organizational
factors in ship collisions [44].

Correspondence analysis is used to examine the relationship
between categorical variables. Another reason for choosing
correspondence analysis is that it visualizes this relationship in
two-dimensional space. Correspondence analysis is a
statistical method used in different fields rather than accidents
in the literature. Multiple correspondence analysis, which
deals with the relationship between more than two categorical
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variables, was used such as in tourism research [45], in the
process of selecting personnel in the maritime sector [46],
regarding the causes of occupational accidents by sectors [47]
etc.

Correspondence analysis is a method of data analysis to
graphically represent tabular data [48]. The term
"correspondence analysis" was first proposed by JP Benzecri
in 1962. Correspondence analysis was originally proposed as
an inductive method for analyzing linguistic data [49]. It is
used to determine the relationship between variables and to
visualize them by reducing dimensions, based on frequency
type data related to categorical variables in cross-tabulation. In
this sense, it is similar to multidimensional scaling analysis. In
correspondence analysis, apart from the multidimensional
scaling analysis, specifically the relationship between
categorical variables is visualized. In correspondence analysis,
if two categorical variables are handled, it is called simple
correspondence analysis, if more than two categorical
variables are examined, it is called multiple correspondence
analysis. It does not require any assumptions about the
distribution of data [50].

In the first step of the correspondence analysis, row and
column profiles are calculated. For example, where r is the
number of rows and c is the number of columns, first row

n n n,
profiles are calculated as r; f, 21 —%  Here the
1

. ny 7 ng

expression nl shows the sum of the terms in the first column.
Similarly, after the column profiles (ci) are calculated, the
weights (mass) are found by proportioning each row sum to
the whole sum. Column weights are also calculated similarly.
With these weights, the importance of the profile in analysis is
determined. The fit analysis uses the chi-square distance. Chi-
square distance including (aij) row profile and (a.j) calculated
as:

In fit analysis, the term inertia is used instead of the variance
term. Total inertia is the total measure of the distance of the
profile points to the center. Total inertia calculated as:

A2 =Zr,-di2

i

2

where, (d;) shows the chi-square distance of the point to the
center and (7;) indicates the weight of the i. point.

Eigenvalues are calculated to find out how much of the total
inertia is explained by the dimensions as follows:

A =Z’”ifii

l

3)

where, f;% shows the the square of the coordinate of the point
(i) and (7;) indicates the weight of the ith point. From here the
contribution of ith point to kth dimension is calculated as
follows:

4)

This value shows how much of inertia in kth dimension is
explained by ith point.



4. FINDINGS AND RESULTS
Correspondence  analysis  findings examining the
relationship between accident zones and accident types are

shown in Table 2.

Table 2. Correspondence analysis summary table

D sV In Chi Sig. Prop of In. Con Sing V
Acc  Cum Sd  Cor

1 .320 .103 .607 .607 .022 .105

2 219 .048 282 .890 .023

3 132 017 103 992

4 034 .001 .007 .999

5 .008 .000 .000 1.000

6 .007 .000 .000 1.000

z 169 313.893 .000*° 1.000 1.000

a. 36 degrees of freedom
D: Dimension, SV: Singular Value, In: Inertia, Chi: Chi Square, Prop of In:
Proportion of Inertia, Con Sing V: Confidence Singular Value, Acc:
Accounted for, Cum: Cumulative, Sd: Standard Deviation, Cor: Correlation.

When Table 2 is examined, it is seen that there is a
statistically significant relationship between regions (row
variable) and accident types (column variable) (¥2(36)
=313,893, p<0.01). It is also determined that 60.7 % of the
total inertia is explained by the first dimension and 28.2% by
the second dimension. Thus, two dimensions can explain §9%
of the total inertia.

In Table 3, mass of row variables, and in Table 4, mass of
column variables, coordinates in two-dimensional space and
the inertia they explain are given.

Table 3. Mass, coordinates and explained inertia values of
row variables

Region Mass  Score in Dimension  Inertia
1 2

Canakkale 177 -.057 923 .034
Izmir .188 .622 .090 .029
Mersin .047 753 -.655 .019
Samsun .043 927 -.101 .015
Trabzon .016 1.114 -918 .010
Antalya .065 715 -.327 .014
Istanbul 464 -.530 -.234 .047
Active Total  1.000 .169

As seen in Table 3, 46.4% of the total accidents occurred in
Istanbul, 18.8% in Izmir and 17.7% in Canakkale. While this
rate remained at 6.5% in Antalya, it was below 5% in Mersin,
Samsun and Trabzon.

According to the result obtained from Correspondence
Analysis, the number of accidents that occur is affected by the
regions where the accidents occur. The relatively high number
of accidents in Istanbul is due to the traffic density and
geographical structure of the Istanbul Strait. Therefore, this
finding is in line with the priori expectation.

As can be seen, approximately 83% of the seven different
types of accidents that occurred in seven regions during 16
years occurred in Istanbul, [zmir and Canakkale. However, it
is seen that most of the total variability in the number of
accidents was explained by Istanbul (0.047), followed by
Canakkale (0.034).

This finding shows that Istanbul and Canakkale differ in
some accident types. Although the number of accidents in
[zmir is higher than Canakkale, the reason why the variation
explained by Izmir is lower than Canakkale and Istanbul is the
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more balanced distribution of number of accident numbers
among accident types in Izmir.

Table 4. Mass, coordinates and explained inertia values of
column variables

Accident Mass Score in Dimension Inertia
1 2

Capsizes 168 982 -.539 .063
Collision 252 =772 -414 .058
Fire .109 .063 -.020 .006
Grounding 208 116 .687 .023
Ship Loss .007 -.183 1.239 .003
Dangerous Sit.  .161 -.104 324 .007
Other .095 175 -.068 .009
Active Total 1.000 .169

As seen in Table 4, 25% of the total accidents are collision,
20.8% are grounding, 16.8% are capsize, 16.1% are dangerous
situation, 10.9% are fire, 9.5% are other and 0.7% are ship loss.
As can be seen, approximately 79% of the seven different
types of accidents that occurred in the seven regions during 16
years are collision, grounding, capsize and dangerous situation.
However, it is determined that the total variation in the number
of accidents is largely explained by capsize (0.063), followed
by collision (0.058). This finding shows that capsize and
collision accidents differ in some regions.

Regions in Figure 3, accident types in Figure 4, regions and
accident types in Figure 5 are shown in two-dimensional space.
In the figures, the fact that the variable categories are distant
from each other indicates that they show different
characteristics, while being close indicates that they are related
or show similar characteristics.
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Figure 3. Relationship between regions according to number
of accidents

When Figure 3 is examined, it is seen that Istanbul,
Canakkale and partially izmir are located separately from each
other and from the other four regions. This situation shows that
the accident characteristics in these three regions are different.
Samsun, Antalya, Mersin and Trabzon show similar
characteristics in terms of accident types.
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Figure 4. Relationship between accident types according to
the number of accidents

When Figure 4 is examined, it is seen that Capsizes and

Collision accidents are located differently from other accidents.

Ship loss, grounding, dangerous sit., fire and other accidents
show similar characteristics in the context of accident regions.
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Figure 5. Relationship between accident regions and
accident types according to the number of accidents

Finally, when Figure 5 is examined, it is seen that collision
in Istanbul, Grounding and Ship Loss in Canakkale, capsizes
in Samsun, Antalya, Mersin and Trabzon, Fire and Other in
Izmir are types of accidents that differentiate these regions.
From this point of view, it can be said that accident areas are
divided into 4 different groups as Istanbul, Canakkale, Izmir
and other regions (Samsun, Antalya, Mersin, Trabzon) as
accident characteristics.

The high number of collision accidents in Istanbul and
grounding accidents in Canakkale can be attributed to the
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different geographical and meteorological characteristics of
these two straits and the use of the straits in different shapes
and densities. Due to the fact that the Bosphorus passes
through the middle of a mega city, the presence of a large
number of domestic vehicles and passenger lines connecting
the two sides of the Strait increases the risk of conflict. As a
matter of fact, the results of previous studies in the region also
support this finding [51-53].

In the Dardanelles, it can be said that grounding accidents
are more common due to sharp curves such as Nara Cape and
sea currents from north to south. The reason for the high
number of capsize and grounding accidents in the Izmir
Region can be explained by the occasional excessive waves
and winds in the Aegean Region. Since other regions are
located in the Mediterranean and Black Sea, considering that
these seas are open seas, it is estimated that the capsizing of
the ships occurs as a result of taking water due to extreme
waves and weather events.

In Figure 6, the relationship between accident regions and
accident types is examined with the association plot.
Association plot also supports the findings in Figure 5. The
rectangles above the horizontal line drawn for each accident
type in the graph indicate that the specified accident type is
seen more in the region, and the accident types below the line
are relatively less common in the region. When the plot is
examined, it is noticed that accidents are seen more in Istanbul,
Canakkale and Izmir regions respectively, collision in Istanbul,
grounding in Canakkale and capsize in Izmir region are
common.

According to Figure 6, capsizing is more common in
regions located in open seas and in Izmir region. In addition,
four of the seven different accident types are in imminent in
the vicinity of Canakkale region. Therefore, it can be
considered that Canakkale is generally a risky region in terms
of marine accidents.
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Cs: Capesize, Cl: Collision, Fr: Fire, Gr: Grounding, Sl: Ship loss, Ds:
Dangerous Situation, Ot: Other.

Figure 6. Association plot of accident types and regions

Collision, grounding and capsize account for more than
60% of total accidents. These accidents are affected by the
characteristics of the region. These accidents are related to
traffic density and meteorological and oceanographic features
of the regions. However, apart from the regional
characteristics, these accidents are also based on different
reasons. Collision accidents may result from traffic density as
well as violations of navigational regulations. Grounding
accidents can occur due to machine failure. Capsize accidents
are usually related to improper loading of ships and failure to
secure cargo.

As can be seen, different accident types are intensified in
different regions. Based on this relationship, measures to be



taken regarding maritime accidents are possible by prioritizing
resources. Prevention and response to marine accidents is
under the authority of Directorate General of Coastal Safety.
Coastal Safety has many different types and numbers of
vehicles and equipments in its inventory regarding the
response to accidents. Table 5 shows the inventory of vehicles
allocated to regions. According to the table, it is understood
that these vehicles are distributed in proportion to the number
of accidents. Due to the very low accident rates and risks in
other regions, it is thought that there is no vehicle in these areas
yet. In addition, since the General Directorate of Coastal
Safety was first established to intervene in marine accidents in
the region consisting of the Istanbul-Canakkale Straits and the
Marmara Sea, it can be said that the resources are mostly
located in this region.

Table 5. Inventory distribution of directorate general of
coastal safety [54]

Ist Can Izm Ot X
Tug 8 7 4 - 19
Pilot boat 9 6 3 - 18
Fast rescue boat 5 1 1 - 7
Service boat 5 - - - 5
Lighter 1 - 1 - 2
Rigid-hulled inflatable boat 2 - - - 2
Search and rescue vessel 1 - - - 1
Oil Recovery Vessel 1 - - - 1
Barge 5 - 1 - 6
Floating crane 1 - - - 1
Barrier laying boat 1 1 - - 2
Floating facility - - 1 - 1
Total 39 15 11 0 65

Ist: Istanbul, Can: Canakkale, Izm: Izmir, Ot: Other

In Figure 7, the rates of accidents that occurred in the
regions and the resources allocated to the regions are
compared. Considering the magnitude of the risks, it can be
said that there is a balanced resource distribution in the regions
where Coastal Safety serves and where accidents frequently
occur. Resources are somewhat lower in izmir compared to the
accident rate. However, as international maritime traffic
occurs in the Istanbul and Canakkale Regions, it can be
considered normal to allocate more resources in these regions.
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Figure 7. Marine accidents and resource distribution by
regions
5. CONCLUSION

Despite the implementation of measures for marine
accidents in recent years, marine accidents continue to occur.
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Because the root cause of the vast majority of these accidents
is human error [18, 44, 55-58]. Thus, reactive approaches to
accidents are important in reducing the effects of accidents. In
other words, resource allocation should be made considering
the possibility of accidents occurring in the regions. However,
proactive approaches to prevent accidents will be much more
effective in preventing losses that may occur. As a result of
this research, based on the relationship between accident areas
and accident types, proactive approaches can be applied by
correct allocation of resources regarding the types of accidents
expected in the accident regions. For example, since collision
accidents mostly occur in Istanbul, studies should be done to
improve the existing traffic in this region. On the other hand,
since grounding accidents are generally seen in the Canakkale
region, meteorological conditions should also be considered in
cruise planning.

This study focuses on the relationship between marine
accident types and accident areas. In this context, it has been
investigated whether the distribution of marine accident
response vehicles and equipment is appropriate in the regions.
A statistically significant relationship was found between the
accident region and the accident type. This finding is
consistent with the study [28]. Therefore, the a priori
anticipation that resource allocation should be made by
considering accident types has been confirmed. According to
the findings of the study, it is important to allocate additional
resources in Mersin, Antalya, Samsun and Trabzon regions,
where there are no resources yet, especially for intervention in
capsize accidents.

Although previous studies were carried out on certain
marine areas, this is the first study addressing all marine
accidents occurring in the territorial waters of Turkey. It is
determined that collisions are more common in the Istanbul
region compared to other accident types. It can be said that the
factors mentioned in the previous studies [25-27] were
effective in the emergence of this result. In Istanbul, collision
accidents are more common than other accident types.
Although the strait is controlled by the traffic separation
scheme and Vessel Traffic System (VTS) in accordance with
COLREG 1972, collision accidents continue to occur due to
the presence of domestic lines and the natural structure of the
Bosphorus.

Similarly, in accordance with the previous studies [22, 23],
it is seen that the geographical structure of the Dardanelles and
the current currents are also effective in the occurrence of
grounding accidents.

The most important challenge encountered in the study is
that the marine accident data are not detailed enough. However,
a large number of international conventions, codes, guides,
standards and circulars have been published by IMO in order
to report marine accidents in accordance with a certain
standard [59]. In order to analyze the causes of marine
accidents better, the data related to the accidents should be
recorded in accordance with the standards published by IMO
[60].

Available data limit the scope of the study to Turkish
territorial waters, but this study can be extended to different
accident types and different regions around the world.
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