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The number of ships has increased, on average, more than 1.5% per year. At the
end of 2016, the number of ships around the world was 91,000 [UNCTAD, 2017].
The investigation institutions of European Union (EU) Member states form the
European Maritime Safety Agency (EMSA) to keep track of all marine
casualties and incidents every year. In order to do this, EMSA created the
European Marine Casualty Information Platform (EMCIP) and now publishes
an annual report of its findings. In 2014, EMSA received 8,025 accident and
incident reports (reported occurrences) that involved 3,399 ships [EMSA, 2015).
This number was an increase from 2,767 reports in 2013, and the increase
number is believed to be caused by improvements in reporting. .

In Japan, in 2014, there were 688 accidents, and in 2015, 793 accident
investigations were launched (JTSB, 2016). The number of investigation
reports increased just as it did at EMSA. Nowadays, accident investigation
boards in each country have realized importance of collecting accident repoits
and are making improvements in collection. In line with these efforts to gather
accident reports, analyzes is also being better developed. In this current
research, the author develops a new model, the 4M Overturned Pyramid (MOP)
Model, to characterize the various accidents. The characteristics found by this
model are based on a list of causative factors and causative chains for each
country, ship type, accident type, etc. depending on the needs of the inquiry.

MOP Model is developed by combining the Septigon model (society and culture,
physical environment, practice, technology, individual, group, and
organizational environment network) created by Grech et al. [Grech, Horberry,
Koester, 2008] and the IM model proposed by Furusho [Furusho, 2013, 2000].
The IM model consists of 4M factors (man, machine, media, and management)
that are connected by the individual element (I} as the core of the system. The
MOP model is drawn as a three-dimensional relationship that appears as a
three-sided inverted pyramid, where each corner of the pyramid represents one
4M factor. Bach corner (factor) is connected to and affects the other factors.
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The man factor should always be at t:,he bottom of the inverted pyramid
because it is the intrinsic factor that significantly affects all other factors.
Because the model is drawn three-dimensionally as a three-sided inverted
pyramid, it has four corners representing the 4M factors, and six edges
representing interaction between the two factors that are connected by the
edges. The edges, which are called line relations, show that the system is the
result of interactions among the 4M factors. Thus, to obtain a safe system, all
corners and edges should be reliable and balanced.

The corners and edges in the model are representatives of stakeholders of
Maritime Transportation System (MTS) that contain not only the
* construction of the ship, but also many stakeholders involved. This system
called as Socio-Technical Environment (STE).

This dissertation provides a new model, MOP model, is developed to
characterize several accidents from the chain of failure. The final outcome of
this model is causative chains of collisions.

" The aims of this study are to find characteristics of accidents using data from
Japan, United States (US), Australia, and United Kingdom (UK) and expand
4M (Man, Machine, Media, Management) concept into 4M Overturned
Pyramid (MOP) Model that characterizes accidents as a chain of failures.
This study re-analyzes accident investigation reports that are published by
Maritime Transportation Safety Agencies (MTSAs) from each country in
2008-2013.

This dissertation has 7 chapters and is arranged as éxplained below.

Chapter 1 —Introduction

This chapter provides background why author carries out this. research in.

detail, objectives, methodology and a brief explanation how the dissertation is
made. The chapter construction is also provided in this chapter to make
reader easier understanding what is inside this book.
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Chapter 2 — Maritime Transportation System and Accidents

This chapter presents a literature review about MTS and maritime accidents.
Definition of several terms that are related to this study is also provided here
to make reader easier distinguish the different terms. Three main models of
accidents are provided here inciuding the definition of accident types.

Chapter 3 — 4M Overturned Pyramid (MOP) Model

This chapter outlines the original aspects of this research, the MOE. model.
Started from explanation how the MOP model is made up, the definition of
the elements, the steps, to apply this model, to characterize accidents are also
defined, and the development of the model year by year.

Chapter 4 — Accident in several countries analyzed by MOP model

This chapter applies the MOP model to collision accidents in Japan, Australia,
UK, and US. The detail step of the MOP model is explained here from the
causative analysis until line relation analysis. It provides the outcome from
each step of MOP model, causative factor and causative chain lists. However,
the detail step how the list of causative factors found is written in Appendix B.
The comparison results from corner analysis are provided in occurrence ratio
so then the comparison is not done only by the number of failures for each
causative factor but also considered the total number of all failures occurred
in each 4M factor in the country. From here, reader can easily see the
characteristic of the collision in a country.
Chapter 5 — Specific topics B

The previous chapter applies the MOP model to general purpose of
characterizing the accidents. This chapter presents a deeper analysis
utilizing MOP model for specific cases of time occurrence classification and
improper look-out. The data is collision in Japan. The corner analysis and
line relation analysis here are modified based on the need. The failures listed
in causative factor list are divided based on time occurrences, day, night, and
twilight. The more detail improper lookout occurred in Japan are also broken
down in this chapter. The causative factors that are causing and caused by
improper lockout are also showed here.
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Chapter 6 - Summary of the analysis and discussion

It summarizes the analysis and discussion gotten from result in chapter 4
and chapter 5. This chapter provide the discussion of ‘the most common
causative factors that has outstanding number in each M factor as well as its
causing factors. In total, there should be 4 point discussions because each
point represents the most outstanding number of failures in each M factor.
However, in man factof, there are two ‘causative factors that have highest
number of failures, thus there are 5 points discussed here. They are Careless
from seaman in maintaining proper lookout (M101-02), Careless from seaman
in monitoring/identifying any accident risk (M101-03), Equipment failure:
AIS/ radar could not show information (M201-01), Busy traffic (M301-01),
Poor management from onshore in identifying/ monitoring/ communicating
any risk accident (M405-01).

'Chapter 7 - Conclusion

It concludes all the analysis and discussion with an explanation of the

reliability of the MOP model for use in characterizing maritime accidents.

The conclusion that is gotten are:

1. The dominant factor leading to collision is man factor (M1)

In general man factor is still act as the main CF of accident, it is supported by
- the result of analyzed accident report shown the biggest number of failure in

MOP model's CA is on man factor. And the most significant factors from man

factor are “Careless seaman in maintaining proper lookout” and “Careless
seaman in monitoring/identifying any accident risk”, both CF are classified as
“Careless Seaman”. In Machine factor, the most common CF is “Equipment
failure: AIS/radar could not show information”, in Media factor is “Busy
Traffic”, while in Management factor, “Poor management from onshore in
identifying/ monitoring/ communicating any accident risk”. ‘
2. MOP model is one of choice to analyze accident because of its flexibility

As the simple approach, this model can be utilized by organization/company
to get the tendency how their accident occurred and modified based on their
needs. This flexibility will be the benefit because the researcher can utilize
this method started by generating the data needed.
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