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Abstract
Maritime accidents remain a critical concern despite advancements in navigation technology 
and safety regulations. This paper examines maritime events over a 20-year period (2002–
2021) using geostatistical analysis and GIS-based methods to identify key risk factors, trends, 
and high-risk zones. Analysis of the IMO’s Global Integrated Shipping Information System 
(GISIS) database highlights the influence of vessel type, flag state performance, accident 
timing, and geographical hotspots on incident frequency. Collisions, groundings, and fires/
explosions are the most prevalent events, with aged vessels, open registries and outdated 
or incomplete hydrographic survey data posing significant risks. Poor flag state oversight, 
economic constraints, and human factors exacerbate maritime hazards. Although accident 
rates have declined, high-risk zones persist, necessitating stricter regulatory enforcement, 
fleet modernization, and improved accident reporting. Strengthening international collabora-
tion and proactive risk management is crucial for ensuring safer global shipping operations, 
particularly in high-risk regions like the Caribbean Sea.
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Resumé
En dépit des progrès réalisés dans les domaines de la technologie de navigation et de la 
réglementation en matière de sécurité, les accidents maritimes restent une préoccupation 
majeure. Cet article examine les événements maritimes survenus au cours d'une période de 
20 ans (2002–2021) à l'aide d'analyses géostatistiques et de méthodes reposant sur les SIG 
afin d'identifier les principaux facteurs de risque, les tendances et les zones à haut risque. 
L'analyse de la base de données du Système mondial intégré d'information sur le transport 
maritime (GISIS) de l'OMI met en évidence l'influence du type de navire, de la performance 
de l'État du pavillon, du moment de l'accident et des zones géographiques sensibles sur la 
fréquence des incidents. Les collisions, les échouages et les incendies/explosions sont les 
événements les plus fréquents, les navires vieillissants, les bases de registres ouvertes et 
les données hydrographiques obsolètes ou incomplètes présentant des risques importants. 
La mauvaise surveillance des États du pavillon, les contraintes économiques et les facteurs 
humains exacerbent les risques maritimes. Bien que les taux d'accidents aient diminué, cer-
taines zones à haut risque persistent, ce qui rend nécessaire un renforcement de l’application 
de la réglementation, une modernisation de la flotte et une amélioration du signalement des 
accidents. Le renforcement de la collaboration internationale et la gestion proactive des 
risques sont essentiels pour garantir la sécurité des opérations maritimes mondiales, en par-
ticulier dans les régions à haut risque comme la mer des Caraïbes.

102 



103IHR VOL. 31 · Nº 2 — NOVEMBER 2025 103

GEOSTATISTICAL ANALYSIS OF MARITIME ACCIDENTS

https://doi.org/10.58440/ihr-31-2-a10 103 

1 Introduction
Maritime transportation is the backbone of global 
trade, accounting for 90 % of international commerce 
(IMO, 2025). It underpins economic development 
by facilitating foreign trade, industrial growth, and 
market accessibility. As global markets expand, 
demand for shipping continues to rise, driving ad-
vancements in vessel technology, port infrastructure, 
and navigational safety. While automation and inter-
modal logistics have improved operational efficiency, 
growing vessel traffic density has also increased 
the risks of collisions and congestion, particularly 
in heavily trafficked waterways. Ensuring safe and 
efficient maritime operations therefore requires com-
prehensive risk assessments and stricter regulatory 
measures. The Caribbean Sea serves as a vital 
maritime corridor, connecting major international 
and regional trade routes. Bordered by Venezuela, 
Colombia, Central America (including Panama), the 
Greater and Lesser Antilles, and the Atlantic Ocean, 
it ranks among the world’s busiest shipping regions. 
The Panama Canal enhances its global significance 

by facilitating interoceanic trade between the Pacific 
and Atlantic Oceans. The region is also a major hub 
for passenger vessels, hosting 50 % of the world’s 
cruise ships (Strauch, 2015). Key ports such as 
Freeport, Colón, and Port of Spain operate as trans-
shipment hubs, supporting both regional and global 
commerce (Wilmsmeier & Sánchez, 2009). Fig. 1 il-
lustrates the region’s high vessel traffic density, with 
67,289 vessel tracks recorded in 2016 using Satellite 
Automatic Identification System (SAIS) data. Traffic is 
particularly concentrated near the Gulf of Paria and 
the Panama Canal, underscoring the complexity of 
maritime operations and associated safety concerns. 
While AIS coverage is not comprehensive, owing to 
limited equipment installation across vessel types 
and the possibility of manual transponder deacti-
vation, it remains a critical tool for mapping vessel 
movements and delineating key shipping lanes. As 
maritime activity in the Caribbean increases, rigorous 
safety assessments and targeted risk mitigation strat-
egies become increasingly significant. This study 
examines accident trends, vessel risk factors, and 

Resumen
Los accidentes marítimos siguen siendo una preocupación crítica a pesar de los avances en la tecnología 
de navegación y las normas de seguridad. En este artículo se examinan los sucesos marítimos durante 
un período de 20 años (2002 -2021) usando análisis geoestadísticos y métodos basados en SIG para 
identificar los principales factores de riesgo, tendencias y zonas de alto riesgo. El análisis de la base de 
datos del Sistema Mundial Integrado de Información Marítima (GISIS) de la OMI destaca la influencia del 
tipo de buque, el funcionamiento del estado de abanderamiento, el momento del accidente y los puntos 
geográficos clave en la frecuencia de los incidentes. Colisiones, tocar fondo e incendios / explosiones 
son los sucesos más frecuentes, con buques antiguos, registros abiertos y datos de levantamientos hi-
drográficos anticuados o incompletos suponen riesgos significativos. Una pobre supervisión del estado de 
abanderamiento, limitaciones económicas y factores humanos agravan los riesgos marítimos. Aunque las 
tasas de accidentes han disminuido, persisten las zonas de alto riesgo, que necesitan una aplicación más 
estricta de la normativa, la modernización de la flota y la mejora de los informes de accidentes. El fortalec-
imiento de la colaboración internacional y la gestión proactiva de los riesgos son cruciales para garantizar 
unas operaciones marítimas más seguras a nivel global, particularmente en regiones de alto riesgo como 
el Mar Caribe. 

Fig. 1 Vessel traffic density on a 0.1-degree grid across the Caribbean Sea in 2016.
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high-risk areas globally and within the Caribbean Sea, 
offering insights into navigational safety challenges. 
By analyzing spatial concentrations of maritime 
events, vessel types with high accident rate, and 
temporal risk patterns, the research aims to inform in-
terventions that enhance safety and reduce maritime 
accident risks.

2 The importance of maritime safety 
and risk management

Maritime transport, while essential for global trade, 
carries inherent risks, making safety a critical priority. 
Beyond its economic importance, maritime safety is 
vital for environmental protection and societal well-
being, as marine ecosystems are highly susceptible 
to pollution from oil spills, chemical leaks, and vessel 
groundings (Rodrigue, 2017). Ensuring robust safety 
practices safeguards human lives, marine biodiver-
sity, and coastal communities, reinforcing the need 
for sustainable and resilient shipping operations. 
These maritime operations can be affected by a 
range of adverse events, broadly described as ac-
cidents or incidents. In this paper, an accident, also 
referred to as a marine casualty, denotes any event 
or sequence of events arising from vessel operations 
that results in serious consequences, such as loss 
of life, significant structural damage, grounding, col-
lision, or major environmental harm (UN, EU, & ITF, 
2019). An incident refers to an occurrence during 
vessel operations that does not produce such severe 
outcomes but poses a credible risk to the vessel, per-
sonnel, or the environment if not effectively managed 
(MAIB, 2019). Accidents ranging from collisions and 
oil spills to cargo losses can have severe economic, 
environmental, and human consequences. Beyond 
financial losses, these events contribute to long-term 
environmental degradation, biodiversity loss, and dis-
ruptions in trade flows (Goerlandt & Kujala, 2011). 
Notable disasters such as the MV Prestige sinking 
and the Deepwater Horizon oil spill highlight vulner-
abilities in maritime operations and the critical need 
for stringent safety regulations. The maritime industry 
operates in an unpredictable environment affected by 
mechanical failures, human factors, extreme weather, 
and geopolitical tensions (Montewka et al., 2011). 
Human factors encompass not only individual actions 
but also procedural shortcomings, organizational cul-
ture, and operational conditions, recognizing that not 
all human contributions to accidents are the result of 
errors in the strict sense.

Analyzing maritime accident data is crucial for en-
hancing safety standards and improving operational 
protocols. Statistical analysis of past events helps 
identify patterns, assess risk factors, and develop 
predictive models to prevent future occurrences 
(Johansson & Molitor, 2011). Regulatory bodies like 
the International Maritime Organization (IMO) rely on 
accident data to enforce safety measures, including 
mandatory crew training, ship maintenance re-
quirements, and advanced navigation technologies 

(Baldauf, 2016). Technological advancements, par-
ticularly artificial intelligence and data analytics, have 
further improved maritime traffic monitoring, anomaly 
detection, and early hazard warnings, enabling more 
effective risk management strategies (Fratila et al., 
2021). A thorough examination of maritime accident 
databases is essential for uncovering critical causa-
tion factors, including human factors, mechanical 
failure, adverse weather conditions, and navigational 
hazards. Analyzing vessel records also provides in-
sights into operational history, such as age, main-
tenance schedules, and compliance with safety 
regulations. Older vessels are often more prone to 
structural weaknesses, outdated safety systems, and 
mechanical breakdowns, increasing their risk of inci-
dents (Maharaj, 2020). By systematically assessing 
these variables, regulatory bodies, ship operators, 
and policymakers can implement data-driven strat-
egies to enhance maritime safety, improve vessel 
design standards, and enforce stricter maintenance 
protocols. 

Long-term analysis of maritime accident trends 
enables researchers to identify recurring patterns, 
assess risk levels across shipping routes, and refine 
international safety regulations. A comprehensive re-
view of accident data over the past two decades pro-
vides valuable insights into accident trends, causative 
factors, and areas for improvement (Smith & Cox, 
2007). Understanding these statistical dynamics fa-
cilitates the implementation of effective safety regu-
lations, technological innovations, and policy reforms 
to minimize risks. By prioritizing data-driven accident 
analysis, the maritime industry can foster a culture 
of safety, resilience, and sustainability, ensuring the 
continued growth and reliability of global shipping 
networks (Williams, 2015).

3 Literature review
Accurate and comprehensive maritime accident 
data is crucial for effective safety analysis and risk 
mitigation. The global analysis of maritime accidents 
reveals a complex landscape of risks influenced by 
human, technical, environmental, and organizational 
factors. Studies such as Akyuz & Celik (2023) high-
light that cargo vessels are particularly vulnerable to 
collisions, while tankers face a higher risk of ground-
ings, reinforcing the need for vessel-specific safety 
measures. Similarly, Zhou et al. (2020) emphasize 
that accident risks are not uniform across regions, 
with high-risk hotspots such as the South China Sea 
and the Gulf of Mexico necessitating tailored safety 
frameworks. A major challenge in maritime safety is 
the underreporting of accidents, which limits a com-
prehensive understanding of risk factors and hinders 
effective regulation (Psarros et al., 2010). Additionally, 
Liu et al. (2024) integrate environmental risk factors 
into maritime accident analysis, showing how severe 
weather and complex navigational routes significantly 
influence accident rates. Bowo et al. (2017) further 
highlight the role of human and organizational factors, 
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identifying management practices, communication 
breakdowns, and machinery failures as primary con-
tributors to maritime accidents. These findings stress 
the importance of crew training programs and im-
proved management systems to enhance operational 
safety.

While global case studies provide essential in-
sights, the Caribbean Sea remains under-researched 
despite its dense vessel traffic and strategic shipping 
routes. Existing studies, such as Maharaj (2020), ex-
plore AIS data for tracking vessel movements, but 
lack integration with detailed accident reports and 
modern analytical techniques, leaving gaps in un-
derstanding maritime risks. Historical analyses, such 
as Gomez Pretel et al. (2023) on the USS Kearsarge 
grounding, provide valuable perspectives but fail to 
address contemporary traffic patterns, regulatory 
changes, or technological advancements, further 
underscoring the need for updated, data-driven re-
search. The global maritime safety framework is 
shaped by institutions such as the Marine Accident 
Investigators’ International Forum (MAIIF), Marine 
Accident Investigation Bureau (MAIB) and the 
European Maritime Safety Agency (EMSA), which 
investigate maritime accidents, identify causes, 
and promote industry-wide safety improvements. 
However, discrepancies in data collection, reporting 
criteria, and regulatory enforcement create chal-
lenges in developing standardized safety measures, 
especially in regions like the Caribbean, where mul-
tiple coastal and flag states interact.

The IMO plays a central role in maritime safety by 
promoting international conventions and regulatory 
frameworks. However, the slow adoption and en-
forcement of these measures delay critical legislative 
responses to major accidents. Flag state perfor-
mance remains a significant factor in vessel safety, 
with organizations such as the International Chamber 
of Shipping (ICS), Maritime International Secretariat 
Services (MARISEC), and the International Transport 
Workers’ Federation (ITF) publishing annual perfor-
mance indicators on treaty enforcement, maritime 
security, and seafarers’ welfare. These assessments 
reveal systemic strengths and weaknesses, rein-
forcing the need for stricter oversight and improved 
regulatory compliance to enhance global maritime 
safety.

In the Caribbean, the role of flag states becomes 
even more critical due to the dominance of open reg-
istries, particularly Panama and Liberia, which attract 
older vessels due to lenient registration policies. This 
practice compromises safety standards, increasing 
the likelihood of maritime accidents. The high vessel 
density and prevalence of open registry vessels 
place the Caribbean at heightened risk. This issue 
is further exacerbated by a lack of regional studies 
that integrate geostatistical methods, AIS data, and 
detailed accident reports. This study aims to bridge 
the research gap in the Caribbean Sea by con-
ducting an in-depth geostatistical analysis of maritime 

accidents over the past two decades. By leveraging 
comprehensive datasets and advanced analytical 
methodologies, this research seeks to generate re-
gion-specific insights to support policymaking, im-
prove navigational safety, and mitigate accident risks. 
Furthermore, this study complements global maritime 
safety efforts by offering data-driven recommenda-
tions tailored to the Caribbean’s operational chal-
lenges. Strengthening flag state oversight, improving 
data transparency, and integrating modern analytical 
techniques will be crucial for establishing a robust 
maritime safety framework in the region. By aligning 
global safety benchmarks with localized data, this re-
search aims to enhance maritime risk assessments 
and support regulatory improvements. The findings 
from global case studies serve as valuable bench-
marks, while the localized analysis addresses the 
specific challenges of the Caribbean. Ultimately, this 
study contributes to safer maritime operations, more 
effective accident prevention strategies, and a more 
sustainable shipping industry in one of the world’s 
most strategic maritime regions.

4 Data and methodology
The Global Integrated Shipping Information System 
(GISIS), maintained by the International Maritime 
Organization (IMO), serves as the primary data 
source for this study. GISIS compiles marine casualty 
and incident reports from national administrations, 
containing factual records and detailed investigative 
findings (IMO, 2012). The database provides key 
attributes such as incident date, vessel type, flag 
state, gross tonnage, spatial location, and causation 
factors, enabling the identification of accident trends 
and safety concerns. This study analyzed 6,260 
maritime events reported globally between January 
2002 and December 2021. While GISIS is a critical 
repository, it is affected by underreporting, resulting 
in the underestimation of maritime incidents (Psarros 
et al., 2010). Some records are supplemented by 
Automatic Identification System (AIS) transmissions, 
which provide vessel-specific details such as ship 
type, location, and casualty type. However, SOLAS 
regulations require AIS transponders only for vessels 
of 300 Gross Tonnage (GT) and above, excluding 
smaller vessels from mandatory reporting (IMO, 
2012). Additional inconsistencies arise from missing 
vessel attributes, inaccurate navigational status, and 
human error in AIS data entry (Calder & Kurt, 2009).

To address these limitations, a comprehensive 
quality assessment was conducted, and a custom 
script was developed to retrieve missing static and 
voyage-related vessel information from online da-
tabases such as MarineTraffic and VesselFinder. By 
cross-referencing vessel attributes including ship 
type, gross tonnage, flag state, and year of con-
struction with these sources, dataset completeness 
and reliability were substantially enhanced, improving 
the accuracy of maritime accident analyses and 
supporting evidence-based safety measures. For 
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analytical clarity, the 145 distinct vessel types re-
corded in GISIS were reclassified into eleven broader 
categories, following the approach of Calder & Kurt 
(2009). This standardization reduced discrepan-
cies between AIS data and supplementary vessel 

information, provided a structured view of shipping 
activity and global traffic density, and improved the 
consistency of maritime safety assessments. The 
analytical framework employed geostatistical tech-
niques to map accident distribution and identify 
high-risk zones. Temporal analyses examined sea-
sonal and daily patterns, while causation factor anal-
ysis determined the leading causes of events. Flag 
state performance was also assessed by examining 
accident frequency. This integrated methodology 
produced a robust understanding of maritime acci-
dent risks, with particular emphasis on the Caribbean 
region, and informed the development of targeted 
safety interventions.

5 Results
A comprehensive analysis of global maritime 
casualty and incident statistics over a 20-year pe-
riod identified the primary factors contributing to 
maritime accidents. This timeframe was selected to 
include significant maritime disasters, such as the 
Prestige, Deep Water Horizon and Costa Concordia 
accidents, which catalysed major advancements in 
maritime safety regulations. The chronological time-
line of regulatory changes presented in this study 
provides insight into the evolving landscape of mar-
itime risk management. The analysis revealed that 
2002 recorded the highest number of reported 
maritime events (584) with cargo vessels, container 
ships, tankers, fishing vessels, and passenger ships 
being the most frequently involved. Over time, the 
overall number of accidents exhibited a substantial 
decline (Fig. 2). Notably, 2004 and 2009 saw sharp 
reductions in accident frequency, aligning with the 
enforcement of the Safety of Life at Sea (SOLAS) 
Convention. These regulations mandated that all 
ships of 300 gross tonnage (GT) and above en-
gaged in international voyages, cargo ships of 500 
GT and above operating domestically, and all pas-
senger vessels, regardless of size, be equipped 
with AIS transponders. The AIS regulation, which 
became fully effective on December 31, 2004, sig-
nificantly improved vessel tracking and monitoring, 
enhancing navigational safety (IMO, 2012).

However, periods of increased accident fre-
quency were observed in 2002, 2003, 2006, 
and 2010, coinciding with global fleet expan-
sions (Gasparotti & Rusu, 2012). This suggests 
that while regulatory interventions have effectively 
reduced maritime accidents, fluctuations in fleet 
numbers and traffic density continue to influence 
accident trends. Understanding these dynamics is 
crucial for policymakers and industry stakeholders 
to further enhance maritime safety and develop 
adaptive risk management strategies.

5.1 Temporal variation of maritime accidents and 
incidents by vessel type

An analysis of maritime accidents and incidents by 
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Fig. 2 Maritime accidents and incidents per year.

Fig. 3 Number of events per vessel type for each year.

Fig. 4 Number of cargo vessel events for 2006.
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weaknesses or mechanical breakdowns, leading to 
propulsion or steering loss (NTSB, 2017). Capsize 
events, on the other hand, are frequently linked to 
improper cargo loading, shifting cargo, progres-
sive rolling, or extreme weather conditions (EMSA, 
2014). Other notable causation categories include 
mechanical and technical failures (7 %, 351 cases), 
often involving engine malfunctions, GPS failures, or 
overpressure scenarios (Awal & Hasegawa, 2017). 
Contact-related events (6 %, 324 cases), occur 
when vessels collide with submerged objects, off-
shore platforms, or berths due to adverse weather 
and navigational miscalculations. Foundering events 
accounted for 4 % of accidents, occurred primarily 
in high-risk regions such as the North Sea and Black 
Sea. These events were typically caused by hull in-
tegrity failures, propulsion system breakdowns, and 
severe storms. The distribution of maritime causation 
factors highlights the complexity of vessel risks, re-
inforcing the need for targeted safety interventions 
that address navigational challenges, human factors, 
equipment reliability, and environmental conditions. 
Implementing vessel-specific risk mitigation strate-
gies is essential for enhancing maritime safety and 
reducing accident rates worldwide.

5.3 Leading cause of maritime events per year
The frequency and nature of maritime events have 
fluctuated significantly over the study period, with 
collisions, groundings, and fires or explosions 
emerging as the most prevalent accident types 
(Fig. 6). The analysis highlights that certain vessel 
types are more susceptible to specific accident cat-
egories, with cargo vessels, container ships, and 
tankers most frequently involved in collisions, while 
cargo vessels and tankers also accounted for a sig-
nificant share of groundings and fire-related incidents. 
Between 2011 and 2021, the leading causation 
factor alternated between collisions and groundings, 
though collisions remained the dominant accident 
type for most of the study period. Cargo vessels, 
tankers, and container ships were consistently the 

vessel type from 2002 to 2021 reveals notable tem-
poral variations (Fig. 3). Throughout the study period, 
cargo vessels consistently recorded the highest 
number of events, reaffirming their status as the most 
frequently involved vessel type in maritime accidents. 
The year 2006 (Fig. 4) saw the highest number of 
cargo vessel events (254 cases). with collisions ac-
counting for 26 %, followed by groundings (14 %) 
and accidents involving personnel (11%). A signif-
icant decline in cargo vessel events was observed 
after 2013, likely due to the introduction of newer 
cargo carriers with improved safety measures and 
technology (Butt et al., 2015). Other vessel types 
also exhibited distinct peak years, with container ship 
incidents reaching their highest in 2006 (90 cases) 
and fishing vessel accidents peaking in 2002 (172 
cases). High-speed crafts and recreational vessels 
had minimal occurrences, whereas other offshore 
ships recorded their highest number of events in 
2016 (49 cases). It is important to note that the de-
cline in reported events from 2018 onward may not 
reflect an actual reduction in accidents, but rather 
incomplete records in the GISIS IMO Database for 
2018–2021. This pattern is likely due to delayed re-
porting in the GISIS IMO Database, as earlier years 
in the dataset also showed artificially low counts until 
records were updated in subsequent years. This 
potential underreporting highlights the need for im-
proved data collection mechanisms to ensure a more 
accurate representation of maritime accident and in-
cident trends.

5.2 Distribution of maritime accident causes
The analysis of maritime events reveals distinct var-
iations in frequency and causation factors across 
different incident categories. Collisions emerged 
as the most prevalent accident type, with 1,254 
recorded cases, attributed to navigational chal-
lenges in congested ports and narrow waterways 
(Fig. 5). Factors such as restricted visibility, high 
traffic density, and limited manoeuvring space fur-
ther increase collision risks, making them a major 
maritime safety concern.

Stranding/grounding events ranked second, ac-
counting for 16 % of total accidents (832). These 
events often result from navigational errors, unfavour-
able currents, wave impacts, or excessive speed 
(Antão & Guedes Soares, 2006). While groundings 
pose fewer risks to human life, they increase environ-
mental hazards, such as oil spills and hull damage. 
Fires and explosions were the third most frequent 
accident type (15 %, 792 cases), primarily caused 
by engine failures, electrical malfunctions, or haz-
ardous cargo combustibility (Akten, 2006). These 
events disproportionately affect tankers and container 
ships, reinforcing the need for fire prevention meas-
ures and advanced firefighting systems. Machinery 
damage and capsizing events each accounted for 
9 %, with 468 and 466 recorded cases, respec-
tively. Machinery failures often stem from structural 

Fig. 5 Percentage distribution of accident types leading to total losses and ship incidents.
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most affected vessel types. Notably, collision events 
declined significantly in 2017, with only one re-
corded case. However, this trend reversed over the 
next three years, with a steady increase in collision 
occurrences. This fluctuation suggests that while 
advancements in navigational technologies, safety 
regulations, and vessel monitoring systems may have 
temporarily reduced collision rates, dense maritime 
traffic, congested port operations, and human error 
continue to be major risk factors.

A closer examination of temporal trends reveals 
that groundings were the most frequently reported in-
cident in 2002. However, from 2003 to 2008, 2010–
2011, and from 2014 onward, collisions overtook 
groundings as the most common maritime event. 
Despite this shift, groundings remained notably high 
in 2002, 2009, 2012, and 2013, which may be as-
sociated with shallow-water navigation, adverse 

weather conditions, and depth miscalculations 
significantly contributed to accident occurrences 
during these years. The dominance of collisions and 
groundings throughout the study period highlights 
the critical need for enhanced navigational safety 
measures, stricter traffic separation schemes, and 
improved situational awareness training for vessel op-
erators. While collisions remain the primary concern 
due to their high frequency and potential for severe 
consequences, groundings pose substantial risks, 
particularly in environmentally sensitive areas, where 
they can lead to hazardous spills and long-term eco-
logical damage. Addressing the root causes of these 
accidents through regulatory oversight, technological 
advancements, and improved vessel traffic manage-
ment is crucial in reducing future maritime incidents 
and ensuring safer global shipping operations.

5.4 Analysis of work-related injuries and fatalities 
among seafarers and passengers

Maritime fatalities and injuries are not solely the re-
sult of vessel-related events such as collisions and 
groundings; many occur due to hazards associated 
with onboard work processes (Butt et al., 2015). 
Various sections of a vessel including the deck, 
cargo area, engine room, and galley pose occupa-
tional risks to crew members, often leading to serious 
injuries or fatalities. The analysis of work-related acci-
dents highlights several dominant categories (Fig. 7). 
Among these, Accidents to Persons emerge as the 
leading category (446 cases), encompassing trips 
and falls, fatal medical emergencies such as heart at-
tacks, and structural failures. Missing: Assumed Lost 
refers to crew members who disappeared while on 
duty and were never recovered, underscoring gaps in 
monitoring and onboard safety procedures. Persons 
Overboard incidents, where mariners fall into the 
sea during work-related activities, pose grave risks 
due to hypothermia, drowning, and delayed rescue 
responses. Similarly, lifeboat operations present no-
table occupational hazards, with accidents occurring 
during routine drills, emergency evacuations, and 
equipment malfunctions.

The high incidence of work-related injuries and 
fatalities underscores the occupational dangers of 
maritime professions, emphasizing the need for en-
hanced safety protocols, improved crew training, and 
stricter enforcement of onboard risk management 
measures. Reducing these risks requires advanced 
safety equipment, standardized emergency response 
training, and rigorous compliance with international 
labour safety regulations. Implementing these meas-
ures can significantly lower accident rates and im-
prove overall maritime workplace safety.

5.5 Maritime events by time of day: Yearly analysis
A detailed analysis of maritime events from 2002 to 
2021 reveals significant variations between morning 
(AM) and evening (PM) accident frequencies. The 
findings indicate that most events occurred during 
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Fig. 6 Leading cause of maritime accidents per year.

Fig. 7 Work-related injuries and fatalities among seafarers and passengers.
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high-density port areas where vessels engage in fre-
quent manoeuvring.

A key finding is that collisions, the leading cause 
of maritime events, peak during nighttime hours, par-
ticularly between 12:00 AM and 1:00 AM, with 754 

morning hours, suggesting a correlation between in-
creased operational activity and heightened accident 
risks during daytime navigation (Fig. 8). The highest 
number of AM events was recorded in 2002 and 
2003, with 565 reported cases, while PM events re-
mained significantly lower, with only 18 occurrences. 
This pattern underscores the heightened exposure to 
maritime risks during peak operational hours, when 
vessel movements are at their highest. Conversely, 
in 2010, AM events were the third highest on re-
cord (287 events), whereas 2020 had the lowest AM 
events (19 cases), likely due to reduced maritime ac-
tivity during the COVID-19 pandemic. For PM events, 
the highest number of cases occurred in 2006, with 
242 events. Apart from the historically low PM acci-
dent counts in 2002 and 2003, 2020 also recorded 
one of the lowest evening incident totals, with only 
8 occurrences. These findings highlight the need for 
heightened vigilance during high-risk operational pe-
riods, particularly morning hours when vessel activity 
peaks. The discrepancy between AM and PM acci-
dent frequencies suggests that factors such as crew 
workload, fatigue, reduced visibility, and port conges-
tion contribute to elevated accident rates during peak 
hours. Recognizing these temporal patterns is essen-
tial for developing strategic interventions, including 
adjusting operational schedules, implementing fa-
tigue management protocols, and enhancing vessel 
traffic management systems, to mitigate maritime 
risks during the most vulnerable periods.

5.6 Maritime events per hour
An hourly analysis of maritime events revealed no-
table discrepancies and distinct temporal trends in 
accident occurrences. A significant anomaly was 
identified in 2002 and 2003, where all reported 
events were recorded at 12:00 AM UTC. This sys-
tematic error in the GISIS IMO database, likely caused 
by default time entries or incomplete data submis-
sions, artificially inflated midnight accident statistics. 
To ensure accurate trend analysis, these two years 
were excluded from further evaluations. The time 
interval 12:00 AM – 1:00 AM remained a high-risk, 
suggesting that restricted nighttime visibility, reduced 
situational awareness, and crew fatigue significantly 
contribute to navigational errors and accidents. Daily 
maritime event patterns exhibited distinct peaks at 
various times (Fig. 9). Early morning peaks (labelled 
“A” and “B”) align with heightened maritime activity, 
particularly port arrivals and departures, leading to 
increased congestion and higher risks of collisions, 
groundings, and fires. Cargo vessels, tankers, and 
container ships were the most frequently involved 
vessel types during these peak hours. Another sig-
nificant spike occurred between 3:00 PM and 4:00 
PM (labelled “C”), where collisions, groundings, 
and fires were the predominant accident types. The 
combination of extreme weather conditions, navi-
gational complexities, and human error contributed 
to elevated risks during this period, especially in 

Fig. 8 Temporal variation of maritime accidents by period of day.

Fig. 9 Hourly distribution of maritime events.

Fig. 10 Collision events per hour.
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recorded cases (Fig. 10). While this may reflect gen-
uine risk factors such as limited visibility, obstacle de-
tection challenges, and delayed reaction times, it is 
also possible that the peak is partially influenced by 
reporting anomalies in the GISIS IMO database. The 
highest number of vessel contact events with plat-
forms and other fixed objects also occurred during 
this timeframe, with 26 recorded cases (Fig. 11), 
reinforcing the risks associated with poor nighttime 
navigation and inadequate lighting systems. These 
findings emphasize the need for strategic interven-
tions to mitigate risks during high-incident periods. 
The high frequency of nighttime accidents under-
scores the importance of enhanced vessel moni-
toring, improved lighting and signalling systems, and 
stricter adherence to nighttime navigational protocols. 
Additionally, targeted measures such as adjusting 
port scheduling, enforcing fatigue management 
regulations, and deploying advanced navigational 
technologies can significantly reduce accident risks. 
Understanding these temporal trends is crucial for 
strengthening maritime safety measures and mini-
mizing casualties at sea.

5.7 Seasonal distribution of maritime events
The analysis of seasonal trends reveals signifi-
cant fluctuations in frequency throughout the year. 
As shown in Fig. 12, January recorded the highest 
number of reported accidents, with 633 occurrences, 
making it the most hazardous month for maritime op-
erations. March and July followed, with 570 and 534 
incidents, respectively, while October recorded the 
lowest accident count (456 cases), indicating a rel-
ative decline in maritime incidents during this period. 
A 20-year breakdown of monthly accident distribu-
tion confirms that January consistently exhibited the 
highest accident rates (Fig. 13). This seasonal peak 
was primarily driven by cargo vessel events, which 
appear more vulnerable to maritime risks during this 
time. The prevalence of adverse winter weather con-
ditions in the Northern Hemisphere is a significant 
contributing factor, as vessels face rough seas, strong 
winds, and reduced visibility, all of which increase 
accident likelihood. The analysis further reveals that 
winter months (December to February in the Northern 
Hemisphere and June to August in the Southern 
Hemisphere) accounted for approximately 52 % of all 
maritime events. This aligns with the expected impact 
of extreme weather phenomena, including storms, 
high waves, and icy conditions, which pose substan-
tial navigational challenges. However, 17 % of events 
were recorded between June and July, suggesting 
that early summer also presents notable risks. While 
this period follows a mid-year dip in May, the uptick 
may be influenced by seasonal weather changes, 
increased maritime traffic, and the intensification of 
cruise vessel operations during peak tourism months 
in the Northern Hemisphere. Although the dataset 
does not isolate cruise ship activity, the timing aligns 
with known cruise season patterns, warranting further 

Fig. 11 Contact events per hour.

Fig. 12 Seasonal distribution of vessel accidents.

Fig. 13 Yearly incidents per month.
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investigation into the role of passenger vessel traffic 
in summer incident trends. This could be attributed 
to increased maritime traffic, seasonal weather shifts, 
and operational adjustments, all of which affect 
vessel manoeuvrability and accident risk. These find-
ings emphasize the need for seasonally adjusted risk 
management strategies, particularly during high-risk 
months such as January and July. Enhanced weather 
monitoring, seasonal route planning, and stricter 
navigational safety protocols could help mitigate the 
impact of seasonal variations on maritime safety. 
Additionally, cargo vessels, which are disproportion-
ately affected during peak accident months, should 
be a priority for targeted safety measures, ensuring 
improved operational preparedness during winter and 
early summer periods.

5.8 Impact of flag state on maritime accidents and 
incidents

A vessel's flag state plays a crucial role in maritime 
safety, influencing maritime accident rates through 
factors such as regulatory enforcement, vessel age, 
and operational oversight. While maritime events 
are often the result of multiple interrelated factors, 
studies have identified flag state, vessel age, and 
traffic volume as key contributors to accident prob-
ability. Under international maritime law, all merchant 
ships must be registered with a flag state, which as-
sumes responsibility for ensuring compliance with 
safety regulations, vessel maintenance, and crew 
qualifications (Williams, 2015). However, flag state 
performance varies significantly, as evidenced by 
accident statistics across different registries. The 
age of vessels also plays a critical role, as technical 
standards and crew efficiency tend to deteriorate 
over time. Many studies have linked a higher prob-
ability of accidents to older vessels, often due to 
corrosion-related structural weaknesses, machinery 
failures, and reduced manoeuvrability (Görçün & 
Burak, 2015). While some argue that regular main-
tenance and repairs can mitigate age-related risks, 
vessel aging remains a notable concern in accident 
causation (Butt et al., 2015). Another major factor 
influencing maritime events is traffic density, with 
studies confirming that higher vessel activity levels in 
congested maritime routes correlate with increased 
accident risks (Stornes, 2015; Houghton & Ulmke, 
2014). The review of maritime accidents by flag state 
reveals significant disparities in safety performance. 
Panama, which operates the world’s largest ship-
ping registry, recorded the highest number of events 
(1,109 cases) (Table 1). The dominance of Panama-
registered vessels in accident statistics can be 
attributed to its open registry system, which attracts 
foreign shipowners seeking to circumvent stricter 
safety regulations imposed by their home countries 
(Wang, 2017). The flexibility offered by open registries 
allows operators to reduce operational costs through 
lenient safety compliance requirements and the em-
ployment of lower-cost foreign labour, often at the 

expense of vessel maintenance and safety oversight. 
Following Panama, the United Kingdom registered 
the second-highest number of events (458), fol-
lowed by Liberia (416) and Malta (274). Notably, 
198 events were classified under “Undefined” flag 
state, representing cases where registry information 
was missing or unreported in the GISIS database. 
The high frequency underscores the need for more 
complete and standardized reporting. These findings 
highlight that while some flag states maintain relatively 
stringent safety regulations, others operate under 
lax enforcement mechanisms, contributing to higher 
accident frequencies. The persistent high accident 
rate among Panama-flagged vessels suggests that 
regulatory oversight remains insufficient, despite in-
ternational efforts to improve compliance standards. 
Although normalizing accident counts by fleet size 
would provide a more precise measure of flag state 
safety performance, the lack of consistent historical 
fleet size data across the study period prevents such 
an adjustment in this analysis.

Within the Caribbean region, similar patterns 
were observed. The Bahamas recorded the highest 
number of maritime events among Caribbean 
flag states, with 209 reported cases, followed by 
Antigua and Barbuda (171) and Saint Vincent and 
the Grenadines (81). The high accident rates among 
these Caribbean registries can be linked to regula-
tory shortcomings, as weaker enforcement of safety 
standards and vessel inspections increases the likeli-
hood of operational failures (Butt et al., 2015). These 
findings emphasize the critical need for stronger regu-
latory frameworks, enhanced oversight of open regis-
tries, and stricter enforcement of vessel maintenance 
standards. The prevalence of accidents among cer-
tain flag states underscores the necessity of global 
maritime governance reforms to ensure that ship 
registration policies prioritize safety over cost-cut-
ting measures. Improving flag state accountability, 
standardizing safety regulations, and enhancing in-
ternational cooperation will be essential in reducing 
accident rates and improving overall maritime safety.

5.9 Geographic distribution of maritime events
The analysis of maritime events by geographic area 
over the 20-year period reveals distinct high-risk 
zones where events occur more frequently. Variations 
in accident frequency may partly reflect differences 
in reporting practices across regions, with some 
high-risk areas potentially underrepresented in offi-
cial records. Geographic accident patterns should 
also be interpreted in relation to vessel traffic den-
sity, as high-traffic routes face inherently greater 
exposure to maritime risks. Fig. 14 presents 3,676 
maritime events; however, over 2,500 events re-
corded in the IMO database lack location details, 
suggesting that certain high-risk maritime areas may 
be underrepresented.

The regions with the highest number of maritime 
events were identified as:
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	• Bay of Biscay
	• South China Sea (SCS)
	• Eastern Mediterranean & Black Sea
	• Japan & Korea

These maritime hotspots align with findings from 
Zhang and Feng (2018) in The Routledge Handbook 
of Transport in Asia, which analysed maritime ac-
cident distribution from 1978 to 2013. Their study 
highlighted similar high-risk areas, reinforcing that 
certain maritime regions have persistently high 

accident rates over multiple decades. A critical ob-
servation from these findings is the recurrence of 
events in densely trafficked waters, particularly in 
Europe and Asia, where port congestion, complex 
navigational routes, and high levels of commercial 
shipping activity contribute to heightened accident 
risks. Additionally, severe weather conditions, strong 
currents, and underwater obstructions further exac-
erbate the likelihood of maritime incidents in these 
regions.
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Afghanistan 1 Mongolia 10 United Arab Emirates 3 Belize 39

Austria 1 Nigeria 15 Papa New Guinea 4 Saint Vincent and the Grenadines 81

Falkland 1 Poland 10 Qatar 4 Italy 85

Guinea 1 Tuvalu 11 Senegal 4 Norway 88

Taiwan 2 Malaysia 25 Bahrain 4 Sweden 45

Wallis and Futuna 2 Vanuatu 25 Cape Verde 4 Isle of Man 49

Democratic Republic of the 
Congo 3 Belgium 26 Curacao 4 Ireland 52

French Polynesia 3 Gibraltar 28 Dominica 4 Israel 52

Kenya 3 Spain 28 Guyana 4 Vietam 58

Madagascar 4 Chile 30 Libya 4 Phillippines 66

Mauritius 3 North Korea 33 Mauritania 4 India 71

Romania 3 Lithuania 32 Mayanmar 4 Indonesia 81

Saudi Arabia 4 Austraila 38 Mozambique 4 Denmark 87

Kuwait 1 Bangladesh 14 Argentina 5 Peru 88

Macao 1 Cook Islands 11 Fiji 6 Turkey 95

Micronesia 1 Netherlands Antilles 12 Ghana 5 Singapore 99

Oman 1 Tongo 13 Greenland 6 Cambodia 99

Pakistan 1 Bolivia 13 Iceland 5 France 100

Saint Pierra and Miquelon 1 Luxembourg 13 Lebanon 5 Greece 100

Samoa 1 Ukraine 12 Principe 5 Canada 101

Solomon Islands 1 Comoros 14 Sao Tome 5 Russia 111

Somalia 1 Latvia 14 Uruguay 5 Cypus 122

Tunisia 1 Brazil 15 Azerbaijan 6 Morocco Shall Island 133

Albania 3 Finland 15 Kiribati 6 USA 131

Algeria 2 Moldova 16 Syria 6 Japan 133

Cameroon 2 Thailand 17 Bulgaria 7 Germany 135

Colombia 2 Hong Kong 23 Tanzania 8 China 138

Eritrea 2 Nevis 17 Georgia 8 Netherlands 142

Jamaica 2 Saint Kitts 17 New Zealand 8 South Korea 145

Jordan 2 Barbados 18 South Africa 8 Antigua and Barbuda 171

Namibia 2 Iran 18 Togo 9 Bahamas 209

New Caledonia 2 Portugal 18 Venezuela 8 Undefined 198

Palau 4 Bermuda 20 Faroe Islands 9 Malta 274

Paraguay 2 Honduras 23 Mexico 9 Liberia 416

Seychelles 3 Sierra Leone 25 Egypt 10 United Kingdom 458

Sri Lanka 2 Cayman Island 27 Escuador 12 Panama 1109

Switzerland 2 Croatia 25 Estonia 10

Table 1 Maritime accidents and incidents per flag state (2002–2021).
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5.9.1 Collisions
Collisions are frequently reported within the South 
China Sea (SCS), one of the world’s busiest and most 
geopolitically sensitive maritime regions (Fig. 15). The 
dominant vessel types operating in this area include 
cargo ships, container vessels, and tankers. This is 
largely due to the SCS serving as a critical maritime 
corridor linking the Indian Ocean with East Asia. Many 
of these vessels operate under a tramp trade regime, 
meaning they lack fixed schedules or designated 
routes, which contributes to navigational unpre-
dictability and elevated risk. Moreover, the region is 
characterized by overlapping jurisdictional claims 
and competing interpretations of freedom of naviga-
tion within Exclusive Economic Zones (EEZs), which 
further intensify the risk of military encounters and 
accidental collisions. The Bay of Biscay records the 
second-highest number of maritime collisions glob-
ally. The area supports significant cargo, container, 
and fishing vessel traffic. Severe meteorological con-
ditions are prevalent in this region, particularly during 
winter months, when the area is routinely affected 
by strong storms and persistent rainfall. The bay is 
notorious for the formation of depressions that inten-
sify into thunderstorms, contributing to hazardous 
sea conditions and numerous reported shipwrecks. 
These observations highlight the strong influence of 
environmental conditions and regional geography on 
maritime incident patterns. 

5.9.2 Foundered events
A similar spatial pattern is evident in the distribution of 
foundered incidents, which are closely tied to specific 
geographic regions and are often exacerbated by ex-
treme weather conditions. The Bay of Biscay records 
the highest number of foundered events globally, 
followed by the South China Sea (Fig. 16). The 
Caribbean Sea, particularly the area encompassing 
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The Bay of Biscay, located along the western 
European coast, is particularly known for ad-
verse weather conditions, rough seas, and strong 
Atlantic storms, all of which pose significant nav-
igational challenges for vessels. A breakdown 
of incident types in the Bay of Biscay reveals 
that collisions accounted for 126 cases, while 
groundings totalled 124 incidents. Additionally, 
fires and explosions were recorded in 64 cases, 
highlighting the diverse nature of maritime risks in 
this area. The South China Sea, a critical global 
shipping corridor, faces dense maritime traffic, 
geopolitical tensions, and unpredictable mon-
soon conditions, increasing the risk of collisions 
and vessel groundings. The South China Sea 
recorded 577 maritime events over the study 
period, with collisions accounting for 32 % of all 
events, followed by groundings (15 %) and fires/
explosions (11 %). The high rate of collisions and 
groundings can be attributed to dense shipping 
traffic, contested maritime boundaries, and chal-
lenging weather conditions, which collectively 
increase the likelihood of navigational errors and 
operational hazards.

The geospatial distribution of maritime ac-
cidents provides key indicators for where in-
ternational safety efforts should be focused. 
Strengthening safety regulations, enforcing nav-
igational protocols, and improving vessel traffic 
management systems in these high-risk areas 
could significantly reduce the occurrence of mari-
time accidents. These findings highlight the dom-
inance of cargo vessels in maritime incidents, 
emphasizing the need for targeted regional safety 
measures, including advanced navigational tech-
nologies, stricter enforcement of maritime safety 
laws, and enhanced training for crew members 
operating in high-risk areas.

Fig. 14 World map indicating top 

maritime accident and incident 

regions (2002–2021).
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the Panama Canal, ranks third. Vessels most com-
monly involved in these incidents include fishing 
vessels (35 %), cargo ships (30 %), and tugboats  
(8 %). Foundering is typically initiated by severe mete-
orological conditions or structural failures such as hull 
breaches or leaks. These types of incidents are also 
prevalent in the North Sea, Black Sea, and coastal 
waters around Japan regions characterized by dense 
maritime traffic and extensive short sea shipping net-
works. This distribution underscores the influence of 
environmental factors, vessel type, and navigational 
density on the occurrence of foundering.

5.9.3 Heavy weather and grounding events
During the 20-year period under review, 64 mar-
itime events attributed to heavy weather conditions 

involved a total of 10 different types of vessels  
(Fig. 17). Analysis reveals that cargo vessels were the 
most frequently affected, accounting for 27 % of the 
total, followed by passenger, cruise, and ferry vessels 
(16 %), and container vessels (15 %). A significant 
temporal pattern was also observed, with over 73 % 
of these incidents occurring during the AM period 
particularly between 12:00 AM and 2:00 AM. While 
this may partly be attributed to the severe weather 
conditions sometimes encountered during these 
hours, coupled with reduced visibility that increases 
navigational risk, it is also possible that the pattern 
reflects reporting inconsistencies or default time en-
tries in the GISIS IMO database rather than actual 
accident timing. Likewise, 832 grounding incidents 
were recorded globally during the same timeframe, 
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Fig. 15 Location of collision events.

Fig. 16 Location of foundered events.
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with the distribution also potentially reflecting re-
porting inconsistencies (Fig. 18). Cargo vessels were 
again the most frequently involved, accounting for  
52 %, followed by tankers (12 %) and container ships  
(8 %). The East Mediterranean and Black Sea, Bay of 
Biscay, and the South China Sea emerged as the re-
gions with the highest concentration of grounding events. 
Notably, 638 of these incidents occurred during AM 
hours, suggesting that reduced visibility, early-morning 
operational factors, and potential reporting inconsisten-
cies may also play a role in these types of incidents.

5.10 Impact of vessel age on maritime accidents 
and incidents

The analysis reveals a strong correlation be-
tween vessel age and accident frequency, with 

older vessels accounting for most maritime 
events (Fig. 19). Ships over 20 years old face 
higher risks due to aging structures, mechanical 
wear, and outdated safety systems. Vessels built 
in 1997 recorded the highest number of acci-
dents (144), with 10 % registered under Panama 
and 6 % under Tanzanian and Comorian flags. 
This trend aligns with open registry policies, 
allowing older vessels to remain in operation 
under lenient regulatory frameworks. Similarly, 
1985-built vessels recorded 132 events, ranking 
second, while 2006-built ships had 129 events, 
reinforcing the link between aging fleets and ac-
cident risks. Structural deterioration over time 
contributes to hull integrity issues, propulsion 
failures, and navigation system malfunctions, all 

Fig. 18 Location of groundings incidents.

Fig. 17 Location of extreme weather events.
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of which increase accident likelihood (Butt et al., 
2015). While routine maintenance can mitigate 
risks, aged vessels require more frequent repairs 
and stricter oversight. These findings highlight 
the need for stricter vessel age regulations, 
particularly for open registry states. Stronger in-
ternational safety protocols, stricter inspections, 
and incentives for fleet modernization could sig-
nificantly reduce accidents tied to aging vessels, 
improving global maritime safety.

6 Maritime accidents and incidents in the 
Caribbean Sea: Trends and comparative 
analysis

The Caribbean Sea, a major global shipping cor-
ridor, recorded 69 reported events between 2002 
and 2021 (Fig. 20), accounting for just 1.1 % of 
worldwide maritime incidents. However, the na-
ture and consequences of these events highlight 

significant regional risks. Fires and explosions were 
the most common causes, representing 18 % of all 
accidents, predominantly involving cargo vessels 
and tankers, followed by groundings (15 %), cap-
sizing (15 %), and collisions (13 %; Fig. 21). This 
pattern contrasts with global trends, where colli-
sions dominate (24 %), particularly in congested 
waterways such as the South China Sea, Bay of 
Biscay, and Black Sea. The high incidence of fires 
and explosions in the Caribbean aligns with global 
findings that tankers are especially vulnerable to 
fire-related events due to transporting flammable 
materials (Ugurlu et al., 2012). Despite SOLAS 
fire safety regulations, these incidents persist, un-
derscoring the need for stricter enforcement and 
improved prevention measures (Molitor, 2012).

Groundings remain a critical concern in both re-
gional and global contexts. In the Caribbean, cargo 
vessels are particularly at risk, operating along 
short sea shipping routes and frequently calling at 
smaller island ports with challenging hydrographic 
conditions. Contributing factors include navigational 
errors, adverse weather, submerged obstacles, 
and hydrographic uncertainties such as outdated 
charts, insufficient survey coverage, and inaccurate 
depth soundings. These risks are compounded 
in areas with dynamic seabed changes, sediment 
deposition, or uncharted hazards. In the Greater 
Caribbean Region (GCR), several risk assessments 
have found that many secondary ports and near-
shore approaches still rely on historical survey data, 
reducing navigational confidence and increasing 
vulnerability to accidents in restricted waters (Miller, 
2015; Seepersad et al., 2021). 

6.1 The role of aged vessels in maritime events 
within the Caribbean Sea

Despite the relatively low number of maritime events 
(69) in the Caribbean Sea, 41 events involved aged 
vessels. Analysis indicates that 29 events were re-
corded by vessels built between 1984 and 2004 
and 12 events for vessels built between 1963–1983. 
This highlights the ongoing issue of older ships op-
erating beyond their economic lifespan. Studies 
have consistently shown that aged vessels, par-
ticularly those over 20 years old, are at greater risk 
of structural failures, mechanical breakdowns, and 
compliance deficiencies. All events that occur at 
midnight (12AM–1AM) involved aged vessels built 
between 1991 and 1999. Additionally, cargo ves-
sels accounted for 50 % of these events, followed 
by fishing vessels (17 %) and tankers (11 %). This 
trend aligns with global studies, indicating that older 
vessels operating under open registries are more 
prone to events due to substandard maintenance 
and safety compliance (Singh & Raju, 2016). A time-
based analysis of maritime events in the Caribbean 
Sea also reveals notable patterns. Approximately  
70 % of events occurred during morning hours 
(AM), with 41 recorded cases (Fig. 22). The highest 
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Fig. 19 Aged vessels by year built.

Fig. 20 Location of maritime events in the Caribbean Sea for the period of 2002–2021.
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concentration of events took place between 12 AM 
and 1 AM, a period associated with reduced visi-
bility, crew fatigue, and navigational errors. Early 
morning peaks (labelled “A” and “B”) correspond to 
periods of high maritime activity, likely due to vessel 
arrivals, port calls, and increased traffic density. 
Evening events also follow distinct patterns, with a 
notable peak (labelled “C”) occurring due to cap-
sizing incidents involving fishing vessels.

6.2 Flag state performance in maritime accidents in 
the Caribbean Sea

A review of the maritime events by flag state high-
lights Panama, Liberia, and the Bahamas as the most 
frequently involved registries within the Caribbean 
Sea (Table 2). Panama accounted for 12 events, 
followed by Liberia (6) and the Bahamas (5). Given 
that Panama operates the world’s largest open 
registry, this trend is expected, as many vessels 
registered under open registries prioritize cost sav-
ings over stringent safety compliance (Gasparotti & 
Rusu, 2012). Panama’s high accident involvement 
was primarily due to capsizing events, which ac-
counted for 18 % of total regional events, followed 
by groundings and fires/explosions. Notably, 45 % of 
Panamanian-registered vessels involved in maritime 
events were cargo, tankers, or passenger vessels, 
further reinforcing concerns regarding the opera-
tional safety of aging vessels registered under open 
registries. These findings emphasize the critical need 
for stricter regulatory frameworks, enhanced over-
sight of open registries, and stronger enforcement 
of vessel maintenance standards. The prevalence of 
accidents among certain flag states underscores the 
necessity for global maritime governance reforms to 
ensure ship registration policies prioritize safety over 
cost-cutting measures.

7 Discussion
This study provides a comprehensive assessment of 
maritime events over the past 20 years, consolidating 
key insights into incident trends, vessel charac-
teristics, flag state performance, and regulatory 
implications. A critical evaluation of maritime accident 
data underscores the importance of thorough sta-
tistical validation before drawing conclusions about 
accident causes and distributions. Although global 
accident rates have declined, poorly performing flag 
states continue to influence maritime risk. Other key 
determinants that influence a vessel accident in-
cludes vessel age, type, navigational environment, 
limited visibility, and operational timeframes. The 
study further highlights the need for enhanced reg-
ulatory oversight, stricter enforcement of international 
safety standards, and technological advancements 
to address persistent maritime risks.

Maritime safety has improved overall, with ac-
cident rates declining relative to fleet expansion 
due to advancements in technology, stricter port 
state controls, and international safety initiatives. 

Fig. 21 Causes of maritime events in the Caribbean Sea.

Fig. 22 Time of maritime events in the Caribbean Sea.

However, accidents remain a persistent threat, 
particularly in high-risk regions and environmentally 
sensitive areas, where even minor incidents can 
cause severe ecological and economic damage 
(NTSB, 2017). Climate change further increases 
maritime risks, with storm surges, extreme weather, 
and changing ocean patterns expected to escalate 
vessel foundering and navigational hazards (Hauser 
et al., 2018). Smaller vessels, particularly those in 
coastal waters, remain more vulnerable to accidents 
than larger ocean-crossing ships. The study also 
confirms that human fatigue significantly impacts 
maritime safety, aligning with Project Horizon’s find-
ings, which showed that sleep deprivation impairs 
watchkeepers' cognitive performance, increasing 
collision and grounding risks (Frith, 2020). Despite 
safety advancements, poor-performing flag states 
continue to be a major concern, especially due to 
inconsistent enforcement of IMO conventions and 
outdated reporting frameworks, which hinder accu-
rate accident investigations particularly for under-
reported fishing vessel and work-related onboard 
incidents.
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In the Caribbean Sea, unique challenges such as 
unregulated Traffic Separation Schemes (TSS), aged 
vessels, and weak regulatory enforcement further 
complicate safety efforts. To address these risks, 
the study recommends:

	• Strengthening flag state regulations by enforcing 
stricter IMO compliance on open registries.

	• Implementing TSS to reduce congestion and 
collision risks.

	• Clarifying that TSS issues pertain to inade-
quate implementation or supervision of existing 
schemes, rather than the absence of regulation.

	• Enhancing fatigue management through better 
scheduling, improved aids to navigation, and 
collision avoidance technologies.

	• Improving accident reporting systems by estab-
lishing a standardized global database, particu-
larly for fishing vessels and onboard work-related 
incidents.

	• Encouraging fleet modernization by phasing out 
aged vessels and promoting investment in safer 
ship designs.

	• Expanding regional cooperation among Carib-
bean port authorities and international oversight 
bodies to enhance enforcement and vessel in-
spections.

	• Strengthening hydrographic surveys, particularly 
in secondary ports and approaches, to reduce 
grounding risks linked to chart insufficiencies.

	• Encouraging non‑IHO member Caribbean 
states to join the IHO, thereby enhancing 
hydrographic capacity across the region. 
Trinidad and Tobago is already a member of 
the Meso-American and Caribbean Sea Hy-
drographic Commission (MACHC), while six 
countries in Central America (Panama, Cos-
ta Rica, Nicaragua, Honduras, El Salvador, 

Belize), and seven islands (Antigua and Bar-
buda, Barbados, Grenada, Haiti, Saint Kitts 
and Nevis, Saint Lucia, Saint Vincent and the 
Grenadines) are not IHO Member States (IHO, 
2025).

These measures are essential to improving mari-
time safety, reducing accident risks, and ensuring 
sustainable shipping operations worldwide.

8 Conclusion
This study highlights persistent risks and evolving 
safety challenges within global and Caribbean Sea 
maritime operations. While technological advance-
ments and regulatory improvements have contributed 
to a decline in accident rates, key vulnerabilities re-
main, particularly regarding collisions, nighttime 
navigation risks, aged vessels, and open registry 
oversight. In the Caribbean Sea, the absence of 
Traffic Separation Schemes (TSS) in certain routes, 
reliance on aged vessels, and open registry policies 
present significant safety concerns. Panama, Liberia, 
and the Bahamas continue to dominate accident sta-
tistics, largely due to lenient registration policies that 
attract older and potentially substandard vessels. To 
improve maritime safety, stricter enforcement of in-
ternational regulations is necessary, particularly for 
open registries. Encouraging fleet modernization by 
phasing out older, high-risk vessels could significantly 
reduce accident rates. Additionally, implementing 
fatigue management systems could help mitigate 
human error risks, particularly during late-night and 
early-morning navigation periods. Strengthening 
nighttime navigation safety through improved lighting, 
automated alert systems, and the establishment of 
TSS in congested areas could further reduce collision 
risks. Beyond regulatory and operational meas-
ures, the adequacy of hydrographic surveys in the 
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Flag Number of incidents Flag Number of incidents

Antigua and Barbuda 1 Saint Vincent and the 
Grenadines 1

Brazil 1 Samoa 1

Canada 1 Sweden 1

China 1 Venezuela 1

Cyprus 1 Vietnam 1

Georgia 1 Greece 2

Germany 1 South Korea 2

Gibraltar 1 Turkey 2

India 1 United Kingdom 2

Ireland 1 Cambodia 3

Isle of Man 1 Chile 3

Italy 1 Hong Kong 3

Malaysia 1 Indonesia 3

North Korea 1 Malta 4

Norway 1 Bahamas 5

Peru 1 Liberia 6

Philippines 1 Panama 12

Table 2 Flag state of maritime accidents that occurred in the Caribbean Sea.
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Caribbean Sea plays a vital role in navigational safety. 
Several areas in the region still rely on outdated or 
incomplete survey data, which may not accurately re-
flect current seabed conditions, shifting channels, or 
newly emerging hazards. Such deficiencies increase 
the likelihood of grounding incidents, particularly for 
vessels operating in shallow or poorly charted wa-
ters. Updating nautical charts through systematic 
hydrographic surveys and promoting International 
Hydrographic Organization (IHO) membership among 

non-member states, could significantly enhance situ-
ational awareness and reduce accident risks. These 
findings provide critical insights for policymakers, reg-
ulatory bodies, and maritime operators. Addressing 
maritime safety challenges through technological 
advancements, stricter oversight, and enhanced 
risk management while prioritizing up-to-date hydro-
graphic data will be crucial for ensuring a safer and 
more sustainable maritime industry worldwide.
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