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The Strait of Istanbul is one of the most dangerous and busiest sca passages,
accotding 1o its parrowness, sharp turns, currents, heavy raffic and many other
mmportant factors. Despite the latest precantions, maring incidents still ocour,
especially in narrow seaways. This study shows that @ management tool that is
spuu fically applied for reducing marine casualties and consequently enhancement

af galety and ship management performance can be used to prevent sccidents and
casmiities in maritime fransportation. In this study, factors which affect marine
casualities examined and determined with SWOT (strengths, weaknesses,
opportunities and  threats) analysis method and welghting of the factors
derermined by using the AHP (analvtic hierarchy processy method. With this
approach, strategic action plans were developed for minimizing shipping
casuaities at the Strait of Istanbul, taking into account the weighting factors
and previously happened accidents.

1. Infroduction

The Strait of Istanbul is one of the busiest and most dangerous sea passages hecause
of its narrowness, sharp turns, currents, heavy traffic and many other important
factors. Its length is about 17 nautical miles and its average width iz 8 cables
(sec figure 1). The shores on both sides of the strait are densely populated and also
there are several bulldings close by, When the increasing numbers of ships, tonnages
of these ships and local traffic. together with the meteorclogical and oceanographi-
cally conditions, are taken into account, the strail has become even more risky for
ships. In this study, {actors that are affect marine casualties are examined and
determined with SWOT (strengths, weanlknesses, opportunities and threats) analvsis
method at the Strait of Istanbul and weighting of the factors is determined by using
the AHP (anaiytic hierarchy process) method. Section 2 of this paper describes the
SWOT analysis and AHP method; section 3 is the deseription of application; section
4 deseribes the strengths, weaknesses, opportunities and threats for marine casualties
at the Strait of Istanbul; and section § illustrates the results of AHP application and
the strategies that are derived for reducing marine casualties at Strait of Istanbul
with a SWOT-AHP application.
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2. Methodologies for SWOT analyses and AHDP method
200 SWOT anafysis
Bvery programme, organization, operational processes and  development
characteristics has its strengths and weaknesses, and opporiunities and threats.
Considering these strengths, wealknesses, opportunities and threats (SWOT), several
strategies are derived for converting Lhe threats into opportunities. and off-setting
the weaknesses against the strengths. SWOT analysis is intended to rmaximize both
strengths and opportunities, minimize the external threats, and transform the
identified weaknesses into strengths and take advantage of opportunities along with
minirizing both internal weaknesses and external threats [1]. The SWOT approach
involves systematic thinking and comprehensive diagnosis of factors rclating to a
new product, technology, management or plan 21

SWOT allows analvsts to categorize factors into internal (strengths, weaknesses)
or external (opportunities, threats) as they relate to a decision, enabhing comparison
of opportunities and threats with strengths and weaknesses, respectively. Activiiy
worksheet of SWOT application is shown in Figure 2. One of the main limitations of
this approach, however, is thal the tmpertance of each faclor in decision making
cannot be measured quantitatively, and it is difficult to assess which factor has the
greatest influence on the strategic decision [3]. When used in combination with an
analytic hierarchy process {AHP), however, the SWOT approach can provide a
guantitative measure of the importance of each factor in decision making [4],

220 Anralyiic hicrarchy process (AHP)
Analytic hierarchy process (AHP) is a decision analysis tool used in this study with
the SWOT analysis method. it s a muathematical method for analysing complex
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Figure 2. Activity worksheet for SWOT analysis,

decision probiems with multiple criteria {51 AHP can deal with qualitative
attributes as well as quantitative ones. It has been found to be a useful decision
analysis technigue and has been applied in cases dealing with strategic planning.
AHP enables decision makers to assigin & relative priority to each factor through
pair-wise comparison. As slrategy planning procedures are complicated by
numerous criteria and interdependencies, the udlization of conventional SWOT
analysis has become msufficient because of s qualitativity, By utilizing the AHP in
SWOT analysis, individual SWOT factors can be weighted and rated goantita-
tively. The list of SWOT factors was analysed osing this method o determine the
intensity or prority order of each factor. AHP is used in many felds such as
planning, sciccting the best alternative, resolving conflicts, optimization problems
with other techniques such as Hnear programming, fuzzy logie. quality function

deployment, ete, [6].

3. SWOT-AHP application

This study atiempts to examine the strengths and weaknesses affecting marine
casualties at the Strait of Istanbul, as well as the opperiunites and threats that can
reduce marine casuallies in the external working environment for ships. The
intention of this study is to develop strategy action plan for ships, ship operators,
ship management companies and seafarers, through SWOT analysis and AHP with a
view to making safer navigational operations at the Strait of Istanbul, in order to
provent the re-occurrence of marme casualrics,

In this study, AHP in SWOT analysis is presented as an application of utilizing
pair-wise comparisons. The pair-wise comparisons are carried out within SWOT
factors by the pilots who have passed through the Strait of Istanbul more than 600
tmes, masters who have passed through the Strait mwore than 100 times and VTS
operators who are working more than 3 vears at a VIS station. Negative factors, as
weaknesses and threats, positive factors, as opportunities and strengths, are observed




in figure 3. Then the factors are clustered. An application utilizing pair-wise
comparisons of AHP technique in SWOT analysis is presented and the weighting
factors of negative parameters that are causing marine casuvalties and positive
factors that are reducing marine casualties at the Strait of Istanbul were observed.
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Positive factors (strengths and opperlunities) and negative factors {weaknesses and
threats) are weighted by using ‘Super Iecisions’ software  {bttp://www,
superdecisions.com).

Consequently, practical solutions are suggested for reducing marine casualtes at
the Strait of Istanbul. The objective of this study is (o examine SWOT faciors in
greater detail and more systematically then producing clear and applicable strategies
for safer marine operations at the Strait of Istanbul,

4. Proposed SWOT analysis application for the Strait of Istapbul

4.1.  The probable strengths about the Sivait of Istanbul

4.1.1. [Established pilotage services. Ships can navigate safely from narrow
channels by taking pilots. At the Strait of Istanbul, pilotage service is available
with experienced pilots for ships that are passing {rom the strait.

4.1.2. Established vessel traffic svstem (VTS ) ar the Strair of Istanbul,  Established
traffic separation scheme (TS8) and vessel traffic service (VTS) Stations arrange safer
navigations for ships and ships can make efficient decisions by the help of VTS
centres. The Turkish Republic has recently installed VTS stations. The system was
instalied in 2003 and buased on eight radar stations. Positions of radar stations are
Hlustrated in figure 4. The main purposes of the Ty

2 VTS ie to improve
the safety of navigation and protect the marine environment in the VTS arca by
proper and effectrve monitoring, strategic planning and good interaction with
vessels, also to consider the efficiency of vessel traffic {low. There are three main
services that are arranged by the VTS gvstem: information; navigational assistance;
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Figwre 4. Location of radar stations at VTS area.

Source: http/fwww.dges, gov.ar



e Resiued Parson &
i SRELE 4
00 1 et Bsron

s Tyghoat Senice

b

2003 2004

Figure 5, DGCS operations by vear.
Source: httpr//www.dges. gov.tr

and traffic orpganization. Through this, the Strait of Istanbul became safer than
before the foundation of VTS,

4130 Availahilizy of rescue, salvage and escore facifities.  The Direclorate General
of Coastal Safety was established at the Turkish Straits in order to provide safe
navigation of vessels, coastal safety and o salvage service; to provide all necessary
equipments related with these services: o salve property, rescue and salvage:
Lo provide assistance apd fowage; to remove wreek and to peorform fug boat for
ships, under the Ministry of Transport. A 1otal of eight rescue hoats is tocated and
are ready 24 hours a day at different locations at the Strait of Istanbul. The numbers
of rescued people. escorted vessels, salvage operations and given tugboat services, by
vears, are illustrated in figure 5.

4.2, The probuble weaknesses of the Sirali of Istanbul
The weaknesses of the Strait of Istanbul can be summarized in two mamn categories:
namely with ship-related factors and human-related {actors.

421, Ship-reluted fuctors. Dimensions of ships including length, breadih, depth
and draught of ship; the speed and maneuvering characteristics of the ships; type of
ship and lastly age of the ship plays an important role on marine casualtiss at the
Strait of Istanbul,

4.2.2. Human-reloted faciors. Human-related factors that affect marine casualties
at the Strait of Istanbul can be summarized in four categories: fatigue of navigation
officers and seafarers; inadequate knowledge and skill of navigation officers about
their tasks, ship and the npavigation area (Strall of Istanbul); inadequate team and
safety culture of navigation officers and seafarers of ships; and, last. shortage of
experienced seafarers on ships and pilots at the Strait of Istanbul. Attention failures,
memory failures and human errors are directly related with fatigue. Fatigue has two
main aspecis: physical and psychological. Physical fatigue is related with the working
hours and rest times and guality of rest times on hoard; and psychological fatigue is
refated with welfare aspects {7]. According to the latest surveys, seafarer resources



are moving from traditional maritime countries wwards Eastern Europe and Far
East countries 18], Seafarers who act and display care and lovalty are less likely
to produce claims. Ship owners and operators can achieve a high level of crew
continuity and competence by providing seafarers with secure employment and
taking human factors into account, including recruitment. health. trainimg and
general awareness of shipboard best practice and by monitoring satisfaction in terms
of monitoring expectation of seafarers. The master on board holds one of the most
mmportant roles within the safety management system (8MS). There is no way that
the master could produce all the relevant documentary evidence to secure his
position. I the SMS has been implemented and is functioning as anticipated and
intended by the 18M Code, then the master should have little difficulty producing the
relevant documentary evidence. Consequenily this is directly related with the
deployment of responsibiiities and enhancing team work approach on bridge
operations. Safety on board has become a critical issuve in the last decades.
Enhancement of shipboard operations with safely culiure philosophy is directly
depends on ship management company’s intention and resources that is supplied to
vessel [9L

4.3, The probabie eppariunities ar the Strair of Isionbul

431, Developing technologies. New innovations or technologies such as ECDIS
{electronic chart display and mformation system) and AIS {zulomatic identification
system} reduce navigation officers’ workloads and they have been developed 1o
Lighten considerably the navigation workload by enforcing reduced human ervors.
Besides, they can enable navigation officers for other important navigation-related
tasks such as mainfaining a safe lookout and collision avoidance, They are real-time
decision aids, which provide the navigation officers with accurate and reliable
information about a ship’s position and ity infended movements in relation to
charted navigational featores. World merchant fleet is renewing and new-built ships
have high mancuvering capabilitics when compared with the last decade of ships.
Ergonomic issues have become more popular in the ship-building sector. Ergonomic
bridge design allows safe look out and reduces workload of masters and navigation
officers. Orgonomic design of sccommodation places also increases seafarers’
satisfaction and gives acceptable living conditions. New technoicgies about
navigation or ship construction reduce navigation officers” workloads. They are
assisting tools for them to enable efficient mancuvering and offering more
comtortable navigation infrastructure.

432, Establishing of pipefines ar region, The Strait of Istanbul has bhecome a
fiving pipeline beeause of the passing tanker ships. More than 10000 tanker ships are
passing from the Strait of Istanbul annually., The number of ships passing through
the strait is #lustrated in figure 6.

There are several pipeline projects that by-pass the Strait of Istanbul such as the
BT Pipeline. 1t is expected that the number of tanker ships which arc passing
through the Steait will be reduced in the coming years. The amount of dangerous
cargoes carried by these tanker ships is illustrated in figure 7.

4.3.3. Established  national  and  international  lowsiregulations. A lelt-side
navigaiton scheme was applied In the Strait of Istanbul between 19341982,
Vessels which were proceeding to the Black Sea from the Sea of Marmara had to
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Figare 7. The amount of carried dangereus cargo from the Strait of Istanbul.
Source: htrps/iwww.dges.gov.ir

navigate on the west side of the Strait and as close inshore as possible to avoid
collisions, according to Article 23 of the Colhision Regulations, 1 May 1982, Since
this date, Collision Regulations 1972 became fully applicable and right-side up
scheme has been used [10]. Turkey introduced the iraffic separation schemes
according to Rule 10 of the COLREGS (Internantonal Regulations for Preventing
Collisions at Sea, 1872) on 1 July 1994 and new traffic separation schemes have been
approved by IMO and were formally adopted on 25 November 1993, According to
the schemes. the transit route was divided into twe traffic lanes. In the case of the
passage of ships through the Strait which are larger than 200 meires in length,
Turkish Administration femporarily suspends the two-way traffic and regulates one-
way traffic to maintain a safe distance between vessels. The current application of the
Turkish Regulations with regard (o larger vessels is as follows: tankers whose length



is more than 200 meires, can pass from the Strait during daviime and those whose
length is between 230 fo 300 metres can only pass after temporarily suspension of the
two-way tralfic. Vessels of 300 metres and above i length are subject to specific
terms and conditions, based on the safety measures of the Turkish Administration.
The same would anply for vessels under towage [10].

4.4, The probable threars of ithe Strait of Tstanbid

External negative factors can be summarized in three main groups: namely,
environmental and geographic; traffic-related. and meteorological and oceanogra-
phically factors.

4.4.1. Lnvirommenial and  geographic factors. Envirommental and geographic
factors group is consisting from lights and darkness; narrowness and shape of
Strait of Istanbul. Several sharp turns within the Strait exist in areas such as
Umuryerl, Yenikéy, Kanhea, Kandili and Kizkulesi (45° at Kandili, 80° at
Yenikdy, 70" ut Umurverit. The narrowest point of the Strait of Istanbul is the
Bebek-Kandilli, where its width is almost 0.4 nautical miles (700m) [10]. It is 17
nautical miles in length, has numerous bends requiring 12 course alterations; some of
these alterations are very sharp (more than 80 degrees) [11].

4.4.2. Traffic-relnted factors.  Traffic-related factors can be summarized in four
groups: local traffic at the Strait; ships passing the Sirait of Istanbul; anchored or
waiting ships near the entrance of the Strait; and communication traffic between all
these ships. Ships are faster than in the past and marine oaffic is becoming crowded,
The number of ships, which are passing through the Strait of Istanbul, is increasing
every year, The number of these ships is illustrated in fgure 4. Ships should
communicate with other ships and the VTS station for efficient and safer
maneuvering. Poor maritime English obsiructs reliable communication among
ships. There are around 52000 ships in service at sea. and the number of ships is
increasing by 3% per annum. Increasing the number of ships and new-built faster
ships causes collision risks. The density of vessel traffic causes human errors as a
contributing factor for casualties, particularly in those narrow water ways and
shallow waters such as straits, channels and port enfrances where ssa-room is
insufficient [12].

443, Meworological and  oceanographicadly  factors. These factors can be
summarized n three groups. These factor groups are currents, visibility and wings.

Currenis: two types of current are dominant in the strait: The main one is surface
current and the second 1s the undercurrent. The main surface curreat is the result of
the level difference between the Black Sea and the Marmara Sea. The undercurrent is
the result of density difference between the Black Sea and the Marmara Sea [13].
Muair surface currents can rise up to 8 knots in case of strong northerly winds and the
level difference between the Marmara Sea and the Black Sea. Under the influence of
strong southerly winds of prolonged duration. the water level in the Strait rises as
much as almost 0.6 metre and thus gives rise to the rate of surface current to be
reduced. or reversed in direction, Le flowing towards the Black Sea [14]. Such current
15 locally pamed Orkoz. The stronger is the wind the greater is the rise in sea level,
uitimately Orkoz being the strongest [13]. Orkoz can be seen between November and
January in the Strait. Orkoz causes counter current i Strait and it affects the Strait
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Figure 8.  Mumber of ships passing from the Straif of Istanbul,
Sowrce; btip/fwww.dges.gov.ir

and Ships negatively. Vessels passing through Strait of Istanbul should exercise with
extreme caution |15

Vigitaifity: decreasing visibility levels are affecting the safe navigation adversely at
the Strait of Istanbul. Feg at sea. as well as coastal areas, may occasionally be
encountered in winter and spring but 18 guite rare in summer [16].

Winds: winds from the north and north-cast are most {requent, Southerly winds
are usually strong and squally, and may sometimes reach 1o gale force, and are
usually accompanied by low cloud und rain. The northewesterly winds are usually
fresh. They are accompanied by clear weather.

The distrubution of Japuary and July winds in the Strait area [11] 15 illustrated n
figures 9 and 10. The arrows illustrates the dircetion of the wind and percentage of
the wind's power with Beaufort Scale. The number within the direction arrows
dlustrates the percentage of calm days. Transient Mediterrancan lows migrating
northeastward across the Aegean and Black Seas bring the most hazardous
winter-time weather to Istanbul. The havards result from strong south to
southwesterly winds blowing across the Sea of Marmara m advance of the low
pressure svstems,

5. Results of AHP application, considerations and derived strategies from
EWOT-AHF application

Pair-wise comparisons have been made by utilizing AHP. Pricorities and weighting
factors that are causing marine casualties at the Strait of Istanbul are iHustrated in
Table 1. When the resulis are taken Into account, internal negative [actors
{weaknesses) play a more important role on shipping casualtes than external
negative factors fthreats), When weaknesses are examined, human-related {actors
are most moportant factors on these casualties. When external negative factors
have taken into account each factor—meteorological and oceanographicaliy;
environmental and geographic: and traffic-related factors—each has nearly the



Figare 9. The distrubuiion of January winds ai the Stradt area.
Sourcer Admiralty Sailing Directions, NP 24

Figure 1. The distrabution of July winds at the Strait area.
Source: Adniralty Salling Directions, NP 24



same priority. The local current (Orkoz), local traffic at the sirait and darkness and
baclc-lights are dominant threats for safe navigation.

Internal positive factors {strengths) have a more important role for reducing
marine casualties ai the Strait of Istanbul than external factors {opportunities).
Established Turkish Vessel Traffic Management and Information Systom (VTMIS)
and pilotage at the Strait arvea are lwo dominant {actors that are reducing marine

Table 1. Prievities of factors.

Croup

Swot factor

Priority

Strengihs

Weaknesses

Opportuanities

Threats

i1 Megafive factors
i2 Positive factors

121 Strengths
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212 VTS

1213 Escort and salvage facilities

E1E Weaknesses

{141 Ship-related factors
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1112 Human-related factors

FEE2T Futigue

122 Kpowledge-skill

11123 Inadeguate safety-team culture
11124 Human resource shortage

F22Z Opportunities
1221 Developing technologies
1227 Pipehnes

1223 Laws and regulations

12 Fhreats

1121 Environmental and geographic
TiZ11 Lights and darkness

11212 Narrowness

11213 Shape

1122 Traffic-reiated

11221 Local traffic

11222 Transit traffic

11223 Waiting or anchored ships
11224 Communication traffic

1123 Meteorologieal and oceonographical

HI23) Currents

112311 Surface currents
112312 Deep currents
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11233 Winds
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casuaities at the Strait of Istanbul. Development on technologies is the most
important opportunity for reducing marine casualties at the Strait of Istanbul
Graphical resulis of pair-wise comparisons of SWOT groups and factors are shown
in figure 11

While considering the overall factors of strengihs, weaknesses, opportunities and
threats mentioned in section 4 of this study, the following strategies were proposed.
The risk assessment of each process can easily be handled if the threats or weaknesses
are identified properiy. It should also be taken into account that a human factor has
a great significant impact on wsaknesses, asg s identified in section 3 of this study.

When the overall contribution of SWOT analysis is examined, the following
comments can be inierpreted for reducing marine casualties at the Strait of Istanbul
Workload management should be applisd on boardm, because [atizue plays
an important role m hwman errors. Precautions which will increase scafurers’
satisfactions should be taken by ship munagement compamies. New training
programmes about the new technologies should be developed. New rules and
regulattons should be brought into force for reducing marine casualties at the Strai
of Istanbul, New technologies which will increase maneuverability of ships should be
used during ship-building process. Navigation bridges and accommodation places
should be designed, taking into account ergonomic aspect. Widespread use and
equipping new technologies such as FCDIS and ATS should be maintained. Special
training programmes about the Strait of Istanhul should be maintained for both
students and seafarers at martine education institutions, Taking Pilot at the Strait
should be epcouraged. The VTMIS system. pilotage system and salvage system
should be maintained and developed continuously. Wew pipeline projects should be
supported because of the physical mitations of siraic
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Figure 1. Graphical vesults of pabr-wise comparisons of SWOT groups and factors.



6. Conclusion

Maring casualties are still a strong threat both for buman hezith, marine
snvironment and finance. Marine casualties could be reduced through the latest
technologies which are being used in the shipping industry, Ships are exposed to
several hazards related to both the external and internal environment. ldentification
of root causes and observing their priorities play an important role in understanding
the present situation. The first step of the strategy is observing the present situation.
At the Strait of Istanbul, groundings, strundings and collisions are main types of
marine casualiies {17]. The marine casualties af the Straif of Istanbul can result with
catastrophic consequences such as:

& Al the end of the collision between Greek wanker MJT Evrigdi apd Romanian
tanker M/T Independenta at Haydarpasa on 15 November 1979, 43 crew
members died, 70000 m/1 of oil spilled {0 the sea and 50000 tons of this oil was
burned.

e At the end of the collision between Lebanese fag vessel Rabumion-78 and
Philippines flag vessel M(T Madonna Lily on 14 MNovember 1991, close 1o
Anadoluhisari, three crew members died and M/V Rabunion-18 sank with
20600 sheep.

& Al the end of the collision between Cireek flag M/T Nussie with another Greek
flug vessel, M/V Ship Broker, on 13 March 1994, 27 crew members died, M7V
Shipbroker completely burned. 20000 m/t of crude oif spilled into the sea.

e Russian tanker Volpanefi-248 grounded and broke on 29 December 1999,
4000 mjt of fuel oif spilled into the sea.

e Al the end of the grounding of Georgian-flagged carge ship M/V Svvatoy
Panmtefeymon, close to Anadolufeneri on 10 November 2003, 25 crew mermnbers
of the ship were rescued and 2280 tons of diesel and 260 tons of fuel oif spilled
into the sea.

e At the end of a collision beteen Turkish Seabus Salifireis-4 to anchored Russian
ship MV Semyon Rudhnev on 13 August 2007, 40 passengers were injured (see
figure 12).

Figure 12. Collision of seabus Salffreis-4 to anchored Russian vessel,
Source: http:/ fwww hurrivet.com.tr



When the above-mentioned and other marine casualies at the Strait of Istanhul are
investigated, it can be easily seen that the root factors of casualties are closely the
same but only the weighting of factors is different because of the evelution of
casvalties.

At the Strait of Istanbul, several factors such as human-related and meteorological
factors are still causing accidemts and incidents despite latest navigational
technologies and established VTS or pilotage systems. In this study, it is aimed to
dentify the positive and negative factors that are affecting the marine casualties at the
Strait of Bstanbul by applying SWOT analysis and weighting these factors by applying
AHP. Taking into account the above-mentioned strengths, weaknesses, opportunities
and threals and the priorities of weighting factors, several practicat solutions are
proposed {or reducing marine casualties at the Strait of Istanbul.

This study originally proposes and defermines menagement tool that is
specifically applied for reducing marine casualties and conseguently enhancement
ol safety and ship management performance to prevent accidents and casualties in
maritine transportation.
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