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ABSTRACT

Introduction: Iran has the most extensive maritime transport fleet in the Middle East, with 2700 km of water
border with other countries in the region. However, the complex and hazardous marine environment has turned
this advantage into a disadvantage. On the other hand, technological advancement has added to the complexity.
Thus, new accident analysis tools should be developed to bring unity to marine casualty analysis and improve
the analyst’s power of discovery from incident information. The current project aims to develop a specialized
AcciMap-based marine accident investigation method.

Material and Methods: The primary stages of this applied descriptive study include data collection, method
development, and validation. The necessary information about the factors leading to marine accidents was
initially gathered through a review of previous studies, expert interviews, and analysis of actual cases. The
AcciMap technigue was then partially developed, and marine experts approved the designed model.

Results: This study’s results included an AcciMap model established on three levels: external influences (national
and international), intra-organizational factors, and environmental/individual conditions and individual activities.
Whereas external factors (international and national) are categorized into three main layers, two sublayers, and
13 secondary sublayers, intra-organizational factors are categorized into two main layers, 11 sublayers, and
35 secondary sublayers, and environmental/individual conditions and individual activities are organized in one
main layer, three sublayers, and 11 secondary sublayers.

Conclusion: The developed approach can identify flawed levels and determine who is responsible for
implementing corrective action. Because it includes emerging components that are effective in accidents, the
method used in this study can better examine data from marine accidents.
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1. INTRODUCTION

The inseparable dependence of the world
economy on the maritime economy highlights
the importance of the maritime industry. More
than 90% of world trade is done through sea
transportation. In the meantime, Iran, having

more than 2700 kilometers of water borders with
the region’s countries, has the largest commercial
sea transport fleet in the Middle East. However,
maritime transport activities are often carried out
in a complex and risky environment. The annual
overview of marine casualties and accidents reports
* Corresponding Author Email: ghalenoy@gmail.com 3239 marine casualties or accidents registered in
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the European Maritime Accident Information
Platform (EMCIP) between 2014 and 2018. In
2015, more than 300 marine accidents occurred in
Iran, which, in addition to financial damage, also
threatened human lives.

Recent incidents have shown that these rare
or unforeseen scenarios involve interactions
between human factors, technology, and internal
and external organizations, which shows that only
blaming people on an accident’s front lines cannot
help reduce accidents. However, reforms should be
made at all system levels. Hence, investigating the
root causes of maritime accidents with methods
such as Ship Accident Root Cause Evaluation
(SHARE) or investigating human error only in the
frontline workers of maritime accidents with the
SHEL (the acronym for Software (S), Hardware
(H), Environment (E), and Liveware (L)) method
does not meet the needs of this field. The evolution
of technical-social systems and the change of
focus of incident analysts from the front line of
the incident to the entire system forces us to use
systematic methods such as AcciMap. The AcciMap
approach provides a systematic graphic map of the
contributing factors of the incident and examines
the causal relationships of contributing factors
more deeply at different levels of the organization.

“However, due to differences in the nature
and systemic hierarchy of marine industries,
the emergence of contributing factors that the
original AcciMap cannot extract from marine
accident data, the lack of integrity in the analysis
of marine accidents, and the low reliability of this
method, it seems that the exploration power of the
AcciMap approach in marine accident data should
be improved. Its classification should be changed
according to the series levels of the maritime
domain, and changes should be made to converge
the focus of analysts of accidents in this domain.
Thus, new tools should be developed to analyze
marine accidents. In 2019, Holm et al. reviewed
73 systematic analyses of incidents with different
methods (AcciMap-HFACS-STAMP-FRAM).
The results of the studies show a need to review
incident reporting systems and update incident
analysis approaches. In studies on maritime
accidents, factors such as maritime culture, socio-
economic factors, shipping market conditions,
and international policies have appeared among
the causes of maritime accidents. However, these
factors may not be extracted from accident data by
accident analysis methods. By reviewing relevant

Journal of Health and Safety at Work 2023; 13(2): 404-430

literature, it is found that no systematic approach
has been developed for analyzing incidents
providing these characteristics in the maritime
field. In a study in 2013, Shovin et al. presented a
modified approach for marine collisions, HFACS-
COLL, using the HFACS systematic approach.
Chen et al. also developed a dedicated human
and organizational factors analysis framework for
maritime accidents, HFACS-MA, with positive
changes towards the specialization of the accident
analysis approach; though shortcomings were
not addressed. In this regard, the current study
presents a specific approach in the maritime field to
create integrity in analyzing maritime accidents in
maritime organizations and increase the power of
exploring the approach in maritime accident data”

2. MATERIAL AND METHODS

The current descriptive-analytical applied study
in the marine industry was conducted in 2022.
The stages of development of the new approach to
marine accident analysis are presented in detail.

2.1. Gathering Information

Studies in the field of marine accidents,
including all types of marine accident analysis
studies of all kinds of vessels and all sorts of
accident scenarios, including fire, explosion,
grounding, and collision, among others, were
studied and investigated as a tool in determining
the causes of accidents. A structured interview
was conducted with three maritime experts with
sufficient knowledge and experience in maritime
safety and accidents in this industry to discuss
the shortcomings of the methods in the analysis
of marine accidents and their own experiences
with their causes. In addition, to identify the
deficiencies and gaps in the AcciMap approach in
determining the causes of accidents, two actual
marine fire accidents of the Navy Organization
were selected and analyzed using the general
AcciMap approach.

2.2. Developing the Approach

A list of 181 general factors influencing the
occurrence of incidents was prepared based on
a review of the studies conducted in the first
step, interviews with experts, and the analysis of
two actual incidents. Accordingly, the AcciMap
approach levels were modified to eliminate
shortcomings in extracting effective causes of
marine accidents from available data”
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Table 1: Experts’ panel information

Work
Education Job position Age . ‘
experience
Bachelor of Navigati d Mari
acheloro av1'ga tonand Marine Commander of ocean-going merchant ships 56 36
Science
P.h.D Head of the audit department 60 32
Master's degree Expert responsible for maritime accidents 55 25
Master's degree Expert responsible for maritime accidents 49 15
Commander-Bachelor Retired Marine 54 35
Masters Ship commander-teacher-researcher 56 31
Masters Technical management - analysis of marine accidents 55 36
Technical and engineering management of the maritime
Masters . 54 36
domain
PAD Commander—operat.io.nal techni.cal director of the 48 29
maritime domain
Bachelor of Marine Engineering The manager of the deck group 51 31
Masters Head of Safety 52 33
Master of hse Certified hse manager 41 23
Bachelor's degree safety officer 48 24

2.3. Validation of the Developed Model

Eight virtual 2-hour meetings with 13 maritime
experts and two sessions with research team
members were held to validate the developed
approach. Changes were made in the initial version
of the developed approach based on expert opinions
and the research team’s discussion. The extracted
181 influential factors were placed in the layers and
sublayers of the developed AcciMap to identify gaps
in the developed method’s coverage of influential
factors in the occurrence of marine accidents. It
was ensured that all identified causes could enter
the configured AcciMap sublayers. In cases where
it was impossible to enter a parameter in the initial
design, modifications were made until all extracted
causes were included in the initial model. Finally,
to validate the structured AcciMap model, it was
approved in consultation with 13 maritime experts
from ports and maritime organizations, shipping,
oil tankers, and the navy (information about the
experts is presented in Table 1). Due to the novelty
of the technique and the lack of consistency in
applying such techniques, a comprehensive guide
was also prepared and distributed to experts for
analyst unity in sorting causes in various layers of
the developed model. This guide was also updated
after defects were fixed and changes were made to
the developed model.

3. RESULTS AND DISCUSSION
The AcciMap model was created to extract
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influential factors in the occurrence of marine
accidents. This model was divided into three levels:
External Factors (International and National),
Intra-Organizational Factors, and Environmental/
Individual Conditions and Individual Activities.
The External Factors (International and National)
level is divided into three main layers, two
sublayers, and 13 secondary sublayers; while the
Intra-Organizational Factors level is divided into
two main layers, 11 sublayers, and 35 secondary
sublayers; and the Environmental/Individual
Conditions and Individual Activities level is
divided into one main layer, three sublayers,
and 11 secondary sublayers; which are explained
below. This research aimed to create a specialized
approach to marine accident analysis. This
exclusive approach is based on the general
AcciMap approach, which consists of four main
layers: External Factors (National-International),
Organization = Management (Fleet  Level),
Technical-Operational Management (Floating),
and Environmental/Individual Conditions and
Individual Activities.”

4. CONCLUSIONS

Based on the AcciMap approach, a specific
approach in the field of marine accident analysis
was presented in this study. By using the feature of
the AcciMap approach, which is also maintained in
the developed approach of this study, it is possible
to identify defective levels and corrective actions
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that should be done at various levels of the system
and the one responsible for implementing the
corrective action. It is one of the cases identified in
incident analysis using this approach. Furthermore,
since different maritime organizations in Iran
use different methods to analyze incidents, this
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approach can create unity in analyzing incidents
in these organizations. Additionally, including
new accident contributing factors in the presented
approach increases the exploratory power of the
approach, leading to a more in-depth evaluation of
marine accidents.
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