MARITIME ACCIDENTS:
TECHNOLOGY
LINKS TO CASUALTY
INVESTIGATION AND RISK
MANAGEMENT

*ABSTRACT*

The shipping industry is rapidly evolving to new technologies and even
autonomous vessels. Therefore, new safety challenges have emerged, and the
human factorplays new rolesinriskassessmentand mitigation. Moreover, accident
investigation has been a tool for learning lessons and correcting processes, but
historically, those corrections have resulted from significant accidents.

This academic essay critically analyzes the relationships between Maritime
Accidents, Technology, and Casualty Investigation based on risk management
with a proactive approach toward the future.
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ACCIDENTES MARITIMOS: VINCULOS
TECNOLOGICOS CON LA INVESTIGACION
DE SINIESTROS Y LA GESTION DE RIESGOS

+ RESUMEN »

El transporte maritimo esta evolucionando rapidamente hacia nuevas tecnologias
e incluso buques autonomos. Consecuentemente, han surgido nuevos desafios
en materia de seguridad, y el factor humano desempena nuevas funciones en la
evaluaciony mitigacion de riesgos. Es mas, la investigacion de accidentes ha sido una
herramienta de “lecciones aprendidas”y correccion de procesos, pero historicamente
esas rectificaciones han sido producto de graves accidentes. Se analiza la relacion
entre accidentes maritimos, tecnologiay la investigacion de siniestros, basandose en
la gestion de riesgos, con un enfoque proactivo hacia el futuro.
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he shipping industry moves about
| 80% of international trade worldwide
("UNCTAD", 2023). However, the
industry is not without risk, and casualties
are unfortunately areality. Since the TITANIC
accident in 1914 and the subsequent
adoption of the SOLAS Convention,
international and national regulations
have been primarily reactionary, written in
response to significant accidents with high
casualties. It is essential to understand the
causes and precursors of past accidents to
identify areas for improvement and reduce
the likelihood of a similar incident occurring
in the future (Fadda et al., 2021).

Proper investigation is crucial for
interpreting accidentinformation effectively
and avoiding repeating past mistakes. As
the industry evolves with new technologies
and innovations, new safety challenges
and threats must be proactively identified,
analysed, and addressed. Moving towards a
proactive approach to maritime regulations
is an exciting challenge for international
policymakers, who constantly aim to
improve risk assessment and management
in the industry.

This essay will explore the importance
of investigating maritime casualties, the
link between accident investigation and
risk management, and the impact of
digitalization and autonomous shipping
on safety investigations following a
maritime accident. This analysis will better
understand the relationships between
these approaches and the need to maintain
safety standards for all maritime operations,
including the new challenges that will arise
with technological advancements and the
constantly growing world fleet.

The need to
investigate
Maritime Casualties

The IMO recognizes the importance of
marine safety investigations into marine
casualties and marine incidents to prevent
reoccurrence, promote maritime safety,
and prevent pollution (IMO, 2019). Thus,
marine casualty investigations are an official
maritime administration policy, but why?

Figure 4 The world fleet, 1980-2023
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Figura 1: The world fleet.

(Fuente: UNCTAD, 2023).
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Analyzing the origins of some of the leading
maritime regulations, it is a historical fact
that International Maritime Regulation has
come from significant maritime accidents/
casualties. For example, after the Titanic
accident, the SOLAS Convention was
created; after the Torrey Canyon Disaster,
the MARPOL convention was created; or
after the Attacks of 09/11, ISPS came into
force (as part of the SOLAS Convention).
It took time to conduct the proper
investigations and agree on a legal basis
before publishing the new regulations.
However, some of the incidents “motivated”
the international community to increase
maritime safety and minimize the risks by
developing rules and regulations that we
keep using up to these days.

Building from the idea that the risk is
impossible to erase, and the lesson-learned
process is what was conducted to better
regulation in the past, it is clear that a deep
and responsible investigation is needed
to find the weaknesses of the process. By
understanding the “logic” (or lack of logic
sometimes) of the steps that ended up in
a maritime accident, the policymakers/
stakeholders could analyze the data and
build the procedures to mitigate the same
type of incidents from happening again.

Another important line of thought that
reinforces the relevance of maritime
casualty investigations is the human factor
and its complexities. As social beings, the
last few decades also impacted seafarers’
performance on board, especially when
it comes to fatigue associated with a lack
of communication with the outside world.
Moreover, the social network effect and
the dependence on always being online
affected younger generations in ways
unknown a few years ago. So, stress and
its consequences can now be present
onboard due to new reasons that are
complex to identify for more old and
experienced seafarers. In this manner,
developing a constant improvement safety
culture makes more sense than ever.
Some causes that can lead to maritime
accidents in 2024 were not even possible
a few years ago. At the same time, nobody
knows what shipping will bring for seafarers
and what their working conditions will be
in the future. The complexities of humans
make that factor the most dominant
regarding accidents at sea, and it must be
continuously addressed by all the levels
of the “chain of command” to reduce the
risks and increase the safety of maritime
operations worldwide.
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Figura 2: What events led to shipping conventions.
(Fuente: Marine Insight, 2021).
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The evidence highlights that sea accidents
will  continue even with the latest
technologies and equipment. The strength
of such an approach comes from the fact
that a whole new horizon of issues might
happen with new equipment, always based
on the human factor and the interpretation
of more sources of information. This
scenario also proves how important it is to
investigate casualties at sea whenever they
happen due to the never-ending valuable
information that can be helpful from
previous experiences. New technology
comes with no experience, so typically,
its implementation comes with many
‘mistake corrections” on the field. The
process associated with dominating the
use of new devices is not automatic, and
the risk is even higher initially. So, making
suitable corrections from those mistakes to
mitigate the associated risk can primarily
be achieved by the learning process after a
maritime investigation.

From the above paragraphs, it is clear
that it is necessary to investigate Maritime
Casualties. The information obtained from
those investigations is the key to preventing
them from happening again, and the
process of reducing risks is constantly
improved. Sharing the investigation findings
helps build capacities and increase safety
levels in shipping as an international
business.

The Link between
accident

investigation and
risk management

“IMO encourages full cooperation between
States in the conduct of investigations,
the recognition of mutual interest, and
the exchange of information regarding
investigations™ (IMO, 2019). This statement
helps us understand the relevance of
accident investigations and how they are
linked with the permanent risk management
processes. As shown in the previous
section, accident investigations are vital to
understanding the causes and adopting
measures to reduce the recurrence of
maritime accidents.

Moreover, accident investigations and risk
management are deeply linked, even daily
onboard. Life at sea is rough, and decision-
making is a constant process that includes
safety in the equations. Captains of officers
on duty are constantly making decisions
based on the information they get from
different sources and the lessons learned
from their professional past experiences.
For instance, when facing specific
complicated conditions at sea, the lessons
learned from previous accidents could
come to a watchkeeping officer on the
bridge before taking a call to the captain
or manoeuvring just as a bridge team on
duty. That “calling or not calling” the captain
in moments of doubt is a common factor
in many accidents at sea, and maritime
investigations provide the evidence to
identify that human factor and the lessons
to learn from it.

Sometimes, maritime  accidents  rely
entirely upon a lousy risk assessment (or
lack of it) from the responsible one at the
bridge. For example, the World-famous
Costa Concordia accident in January
2012 “demonstrated that accidents can
occur even with ships that are considered
masterpieces of modern technology and
despite more than 100 years of regulatory
and technological progress in maritime
safety” (Schréder-Hinrichs et al. |, 2012).
Consequently, an investigation was
conducted to understand the reasons and
define the responsibilities of this maritime
accident that cost 32 lives. Therefore, the
result demonstrated that the responsibility
was almost entirely on the captain of
the cruise vessel. He did not do a proper
risk assessment when navigating close
to danger zones off the coast, with the
outcome that sadly is well known by the
international maritime community.

Moving back in time until the beginning
of the SOLAS Convention, the maritime
accident of the Titanic had surprisingly (or
is not a surprise) many things in common
with Costa Concordia that ended up
causing both incidents. On behalf of this
section of the analysis, only the captains
and their risk management will be assessed
to compare.” Both masters were aware of
the potential dangers but felt that the risks

Revista de Marina N° 1004, ISSN 0034-8511



were so small that they could easily be
controlled” (Schréder-Hinrichs et al. |, 2012).
Subsequently, proper risk management was
not addressed in these two examples of
maritime accidents, even though a hundred
years went by between both incidents.
In this comparison, it is clear that besides
technological advances, the human factor
remains under similar conditions. Both cases
led to major maritime accidents that could
be easily avoided. Also, in the 1912 and 2012
cases, the causes and responsibilities of the
accidents were confirmed due to accident
investigations that showed the common
conclusion between them, 100 years apart.

As shown in this section of the essay,
there is a strong link between accident
investigations and risk management,
especially regarding the consequences
of doing it correctly or not. Even one
hundred vyears apart, human factors
motivate most accidents at sea, and the
only way to identify those errors and work
appropriately to mitigate the risk is by doing
accident investigations. By conducting
those investigations, the stakeholders can
correct their tracks to minimize the risk and
assess the upcoming challenges of new
technologies.

Figura 3: Maritime Accidents
(Fuente: Wikimedia Commons).

The impact of
digitalization

and autonomous
shipping in safety
investigations
following a
maritime accident

“ltisassumed that there willbe periodswhen
uncrewed ships will operate together with
crewless either autonomous or remote-
controlled ships. Mixed traffic scenarios
seem especially challenging regarding the
safety and efficiency of the vessel traffic
flow" (Baldauf et al, 2018). One aspect
that illustrates the impact of digitalization,
especially autonomous shipping, in safety
investigations is that it has been addressed
way before, and the technology is yet to
be available. Firstly, it is a severe concern
for the maritime community that is being
addressed proactively, different from the
approach used over the 20th and 2ist
centuries (as analysed in the first section).
On the other hand, there are no accidents
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to investigate because technology is still
away from reality but is getting closer every
day.

Furthermore, the impact of digitalization
can be analysed based on the results
of investigations, while the impact of
autonomous shipping is still based on only
assumptions about a future reality.

On the one hand, digitalization has
increased in only a few decades, which
has never been seen before in the
industry. With more, newer, and better
marine equipment, the human factor of
the decision-making process should get
smaller in the equation. The reality, on
the other hand, stated as shown when
comparing the accidents of Titanic in
1912 and Costa Concordia, “accidents
seem to happen for the same underlying
human and organizational reasons even
though they are separated by a century
of improvements to technology and
safety regulations” (Baldauf, 2018). Safety
Investigations following maritime accidents
can show technical issues in some specific
equipment. However, nowadays, there is
always more than one piece of equipment

to contrast the information alongside the
“traditional” navigational skills. So, when it
comes to investigations, it provides much
more detailed info to define the course of
actions that define the incident, tracking
times, giving data, and presenting valuable
information for investigating and defining
responsibilities. At the same time, with this
broader spectrum of information available,
policymakers have more data to define
the best courses of action to develop and
implement new regulations to mitigate the
risks.

On the other hand, Autonomous shipping is
an exciting phenomenon that finally makes
the international maritime community and
IMO work in advance before significant
accidents happen. As mentioned, the
human factor is essential to determining
maritime accident’ causes. But what
now with autonomous shipping? Will
that human factor be entirely out of the
equation now? Alternatively, will it prevail
in different ways? There is no “consensus”
on both approaches, but there is consensus
on the need to address them in detail
Undeniably, Autonomous shipping already
has a massive impact on safety despite not
having accidents yet to investigate.

Global autonomous ships market size, by autonomy level,
2015 - 2025 (USD Billion)
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Figura 4: Global autonomous ships market size.

(Fuente: Grand View Research, 2024).
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The most common concern is the transition
process to uncrewed vessels and all the
risks associated with that period. The
interaction between human-crewed
and crewless ships in the same area
represents a significant challenge, and the
training standards and certifications for the
people in charge of operating (remotely?)
the autonomous ships must also be
agreed upon in advance. Defining legal
responsibilities might also be a complicated
issue to discuss before accidents happen,
adding to the need for international and
national regulations in this manner.

At this point, at a policy-making level, the
only clear fact is that the issues regarding
autonomous vessels must be addressed
proactively by the stakeholders at all
levels. The impact of digitalization and
autonomous vessel operations will be huge
in accident investigations, considering that
the human factor will never be 100% out
of the equation. So, the risks associated
with human factors will prevail, like when
comparing the Titanic and Costa Concordia
accidents 100 years apart.

Conclusions

Several conclusions emerge from this
analysis, but more importantly, many points
are shared across the three subtopics.
To summarize, it is essential to consider
identifying major factors and implementing
targeted measures, which help reduce
the severity of total-loss marine accidents
and minimize casualties. So, accident
investigations are the primary way to go
deeper into the steps that caused the
accident and the best way to identify the
weaknesses and evaluate new procedures
to mitigate the associated risks.

Another important line of thought related
to the investigation of maritime accidents

is the need to share both the process
and especially the results. IMO provides a
standard field in which to share expertise
between member states. However, it is
hard to quantify how much information is
not shared with the rest of the world due to
“strategic” or national security issues. It can
also be assumed that during that transition
to uncrewed vessels, safety issues from
involved countries might affect the risk
management on a global scale, due mainly
to national security restrictions to protect
technologies before they become massive.

Considering the previously analysed facts,
risk can be mitigated but not eliminated.
From this, it is crucial to identify the
relationship between the primary factors
and casualties of total-loss marine
accidents to reduce such incidents and the
casualty rate to maintain maritime safety.
The accident investigation process and the
sharing of results of those investigations
with the international maritime community
develop this link. In addition, Technology
has impacted maritime investigations and
risk management, but at the end of the day,
the responsibilities always come back to
the human factor.

The evidence has shown that the human
factor is always related to the incidents and
is present even in "autonomous” shipping.
Hence, the risk is permanent, and accidents
will happen. Identifying and addressing the
risk adequately in advance may be a big
difference in reducing the consequence
of an accident (mitigating the risks). Risk
Management and accident investigations
require constant learning and improvement.
Technology can be the key to a more
accessible and safer work environment,
but it also comes with new challenges and
risks that must be identified, addressed,
and mitigated.

—
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