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Abstract 

This study aims to identify trends and developments in maritime transportation research over the past decade using 

bibliometric analysis based on Scopus data. Bibliographic coupling and co-word analysis techniques were employed to 

evaluate research relationships, topic trends, and their impact. VOSviewer software was utilized to map the research network. 

The bibliometric coupling analysis revealed four major clusters, including sustainability strategies, operational optimization, 

digital transformation, and navigation safety. Meanwhile, the co-word analysis identified three dominant themes: maritime 

accident prediction, China's container trade growth, and sustainable maritime transportation strategies. Research trends 

indicate an increasing focus on digital technologies, such as artificial intelligence and the Internet of Things (IoT), in 

navigation and port management. Theoretically, this study enhances the understanding of the knowledge structure in maritime 

transportation. Practically, the findings provide valuable insights for industry stakeholders and policymakers in developing 

evidence-based strategies to improve the efficiency, sustainability, and safety of maritime transportation. 
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1. Introduction 

Maritime transportation plays a crucial role in global trade and international supply chains, with approximately 80% of 

the total global trade volume relying on this sector [1]. Over the past decade, research in maritime transportation has 

experienced rapid development due to the growing demand for efficiency, security, and sustainability in the industry [2]. 

Emerging challenges such as regulatory changes, digitalization, and environmental sustainability have further emphasized 

the need for a deeper understanding of the evolution of research in this field. 

The adoption of digital technologies, such as artificial intelligence (AI) and the Internet of Things (IoT), has been 

increasingly implemented in navigation systems and port management to enhance operational efficiency [3]. However, 
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digitalization in the maritime sector lags behind other industries, with many companies facing challenges in implementing 

complex digital systems [4]. Furthermore, sustainability issues have become a central focus in maritime transportation 

research, particularly in efforts to reduce greenhouse gas emissions and adopt environmentally friendly technologies [5]. 

With the increasing volume of trade and the growing complexity of challenges, a more comprehensive analysis is needed to 

understand research trends in maritime transportation. Such an analysis is essential to support more effective policymaking 

and drive industry innovation toward a more advanced and sustainable future. 

Maritime transportation remains the backbone of global trade, with an increasing volume of cargo transported via sea 

routes each year [1]. As digital technology advances and sustainability concerns grow, research in maritime transportation 

has shifted from focusing primarily on regulations and policies to optimizing logistics and operational efficiency [6]. One of 

the primary challenges faced by this industry is the transition toward more environmentally friendly transportation systems 

through the adoption of renewable energy sources and emission reduction strategies [7]. 

Additionally, the digital revolution in the maritime sector has enabled the integration of advanced technologies such as 

artificial intelligence (AI) and the Internet of Things (IoT) to enhance operational efficiency and navigational safety [8]. 

However, despite these advancements, digitalization in this sector still encounters significant barriers, including infrastructure 

limitations and resistance to technological change [9]. With increasing regulatory pressures and market demand for more 

efficient and environmentally sustainable solutions, analyzing research trends in maritime transportation has become crucial 

to identifying innovations and strategies that can support the future sustainability of this industry. 

Although maritime transportation has been a major topic in global research, there remains a gap in mapping key trends 

and developments in this field through a bibliometric approach. Several studies have highlighted the role of digitalization in 

maritime transportation, yet there is still a lack of comprehensive research on how these technological advancements 

contribute to the overall optimization of the maritime sector [10]. Additionally, existing research tends to focus on specific 

aspects, such as maritime traffic safety and risk mitigation, but has not thoroughly examined the relationship between 

technological innovation and port efficiency [5]. 

In the context of digitalization and big data integration, current studies are largely oriented toward technical analyses, 

with limited exploration of the economic impact of digital transformation in maritime logistics [11]. Therefore, a more 

comprehensive analysis is needed to identify publication patterns, dominant trends, and future research directions in maritime 

transportation studies. Such an investigation can provide valuable insights for academics, industry practitioners, and 

policymakers in developing more targeted strategies to enhance the efficiency and sustainability of global maritime 

transportation. 

This study aims to identify research trends and developments in maritime transportation over the past decade using a 

bibliometric approach. Given the rapid growth of the maritime industry, it is essential to understand the patterns of scientific 

publications that contribute to innovation in this field [5]. This study will analyze influential publications, identify emerging 

research topics, and explore the relationships between various concepts in the maritime sector. Additionally, this study 

highlights the increasing dominance of digitalization and the implementation of new technologies in the maritime supply 

chain over recent years [11]. By conducting a bibliometric analysis based on data from Scopus and Web of Science, this 

research will map academic collaborations, citation trends, and the evolution of research topics from various perspectives, 

including sustainability, port efficiency, and maritime safety [10]. Thus, the findings of this study are expected to provide 

valuable insights for academics and industry practitioners in developing evidence-based strategies to enhance the efficiency 

and sustainability of global maritime transportation [2]. 

This study employs a bibliometric approach to analyze research trends and patterns in maritime transportation over the 

past decade. Data is collected from the Scopus database, one of the primary sources for evaluating the dynamics of academic 

publications in this field [5]. The bibliometric analysis is conducted using bibliographic coupling and co-word analysis 

techniques to identify research interconnections, topic evolution, and the academic impact of various publications [10]. 

Utilizing VOSviewer and Bibliometrics in R Studio, this study maps collaboration networks among authors, institutions, and 

countries actively engaged in maritime transportation research [11]. Additionally, this study explores current and emerging 

research trends. Thus, beyond providing insights into maritime transportation research trends, this study also offers a deeper 

understanding of the challenges and opportunities in the development of a digitally driven and sustainable maritime industry. 

 

2. Literature Review 
Research in maritime transportation over the past decade has demonstrated significant advancements across various 

aspects, including digitalization, safety, logistics efficiency, and sustainability. A study by Bai et al. [1] found that the primary 

focus of research has shifted from policy and regulation toward more efficient, integrated, and sustainable maritime 

transportation. Meanwhile, Alzate et al. [2] highlighted how Industry 4.0 has contributed to the optimization of maritime 

logistics, enhancing port competitiveness, and influencing economic factors within the global supply chain. 

From a safety perspective, research by Skjong and GUEDES SOARES [12] indicates that although the maritime industry 

continues to grow, safety regulations face increasingly complex challenges due to the rising number of vessels and pressures 

from environmental policies. In line with this, Psaraftis [8] highlights that the development of regulations related to ship and 

port emission reductions has significantly influenced the design and operation of maritime logistics chains. 

The advancement of digital technology has also had a significant impact on maritime transportation. Sanchez-Gonzalez 

et al. [3] found that although digitalization in this sector lags behind other industries, there has been an increasing adoption 

of technologies such as AI, big data, the Internet of Things (IoT), and cloud computing to enhance operational efficiency. 

Meanwhile, Pavlinović et al. [13] emphasized that digitalization not only improves efficiency but also plays a crucial role in 

reducing environmental impact through the implementation of green solutions. 
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Sustainability in maritime transportation has become a primary focus of recent research. Czermański et al. [14] discussed 

maritime decarbonization strategies, including European Union policies aimed at reducing carbon emissions by up to 70% 

by 2050. On the other hand, Georgakaki et al. [15] developed a model to estimate air emissions from ships using statistical 

data from the European Union, emphasizing that ship emission mitigation is a crucial factor in reducing the impact of climate 

change. These trends indicate that strict emission regulations, digitalization, and logistics efficiency will be the key drivers 

of maritime transportation development in the future. 

 

3. Methodology 
3.1. Bibliometric Approach 

Bibliometric analysis is a quantitative approach that utilizes bibliographic databases (e.g., Web of Science and Scopus) 

to help researchers understand the knowledge structure within a specific field. This approach serves as a form of scientific 

mapping, producing visual representations of the structure within documents, journals, authors, and keywords as outputs 

[16]. 

 There are five primary types of bibliometric analysis; however, this study applies two specific types that align with the 

research objectives, namely: 

 

3.1.1. Bibliographic Coupling 

Bibliographic coupling is a method that links documents sharing common references, known as "bibliographic coupling." 

This technique is used to determine the degree of similarity between two articles that cite the same references [17]. It is 

considered one of the most innovative citation-based methods and is highly suitable for analyzing current research trends in 

a specific field [18]. Bibliographic coupling is conducted by analyzing words in titles, abstracts, author names, and keywords. 

Clusters in this analysis are formed through inductive interpretation by the authors, connecting words with relevant 

relationships. 

 

3.1.2. Co-word Analysis 

Co-word analysis is an approach that calculates the frequency of keyword co-occurrence in publications [19]. This 

method is used to assess research development and identify future research directions [20]. The fundamental principle of this 

analysis is that when certain words frequently appear together, there is an underlying research concept connecting them [21]. 

Co-word analysis is the only bibliometric method that directly utilizes publication content to establish similarity measures in 

bibliometric analysis. 

 

3.2. Research Design and Data Collection Procedure 

To identify relevant publications, we utilized the following search string (Table 1) based on carefully selected keywords. 

The table in the image provides keywords and justifications for the literature search. Here is the academic translation of 

this section while improving clarity and structure: 

 
Table 1. 

Search String in the Web of Science (WoS) Database. 

Keywords Justification 

TITLE-ABS-KEY (“Maritime Transportation” OR 

“Sea Transportation” OR “Marine Transport”) 

To identify relevant literature related to "Maritime 

Transportation," "Sea Transportation," or "Marine Transport." 

 

Based on Table 1, the literature search in the Web of Science (WoS) database was conducted using the search string 

TITLE-ABS-KEY, which includes several terms related to Maritime Transportation, such as "Maritime Transportation," "Sea 

Transportation," and "Marine Transport." The purpose of using these keywords is to identify relevant literature broadly within 

the field of maritime transportation. The justification for employing this search string is to ensure that all studies related to 

sea transportation are captured in the search results, thereby providing more comprehensive coverage of the available research 

within this domain. 

The process of searching and selecting journals in the Scopus database was conducted systematically, with data extracted 

on February 2, 2025, to identify literature related to maritime transportation. The initial search using the TITLE-ABS-KEY 

string with the keywords "Maritime Transportation" OR "Sea Transportation" OR "Marine Transport" yielded 6,669 journal 

articles. After filtering based on the publication year range 2015–2025, the number of journals was reduced to 4,629, 

excluding 2,040 journals. Subsequently, only journals classified as scientific articles ("ar") with final publication status 

("final") were retained, resulting in 3,432 journals, while 1,197 journals were excluded. In the final selection stage, only 

journals categorized as "Journal" ("j") and published in English ("English") were included, maintaining 3,432 journals after 

removing 146. After completing all selection stages, a total of 3,286 journals were selected for analysis, ensuring that only 

high-quality and relevant journals were used in this study. 
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Figure 1.  
Steps of the Analysis Process 

 

4. Findings and Analysis 

Figure 3 illustrates the trend in the number of publications related to maritime transportation, based on data retrieved 

from the Scopus database for the period 2015–2025. The literature search in Scopus was conducted on February 2, 2025. 

 

 
Figure 2.  

Number of Publications and Citations on Maritime Transportation. 
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Based on Figure 2, the number of publications has shown a gradual increase from 2015 to 2024, with a significant rise 

after 2019, peaking in 2024 with approximately 600 documents. However, in 2025, the number of publications declined 

sharply, which could be attributed to incomplete data accumulation for the year or other factors affecting the availability of 

publications. Overall, this trend indicates that research in maritime transportation has expanded in recent years, with a notable 

increase in interest over the past decade. 

 

4.1. Bibliographic Coupling 

 Out of the 3,286 documents analyzed, 68 documents met the threshold of 116 citations. These 57 documents formed 

six clusters. The top three documents based on Total Link Strength (TLS) are: Goerlandt and Montewka [22]– 121 TLS, 

Goerlandt and Montewka [23] – 114 TLS, Zhang et al. [24]– 90 TLS. 

 
Table 2. 

Top 10 documents in bibliographic coupling analysis. 

Rank Publication Citation Total link 

strength 

1.  Maritime transportation risk analysis: Review and analysis in light of some 

foundational issues 

279 121 

2.  A framework for risk analysis of maritime transportation systems: A case study 

for oil spill from tankers in a ship–ship collision 

218 114 

3.  A method for detecting possible near miss ship collisions from AIS data 235 90 

4.  An analysis of ship escort and convoy operations in ice conditions 130 88 

5.  Towards the development of a system-theoretic model for safety assessment of 

autonomous merchant vessels 

131 70 

6.  A novel analytic framework of real-time multi-vessel collision risk assessment 

for maritime traffic surveillance 

137 67 

7.  Maritime Transportation Risk Assessment of Tianjin Port with Bayesian Belief 

Networks 

146 60 

8.  Marine transportation risk assessment using Bayesian Network: Application to 

Arctic waters 

213 58 

9.  System-theoretic approach to safety of remotely-controlled merchant vessel 119 48 

10.  State-of-the-art technologies, measures, and potential for reducing GHG 

emissions from shipping – A review 

606 46 

 

Figure 3 presents the network visualization of bibliographic coupling. The four clusters are visibly independent of one 

another. The following discusses current trends and future development of maritime transportation. The clusters are labelled 

based on inductive interpretation by revisiting representative articles in the clusters and synthesized based on common themes 

and research streams presented. 

 

 
Figure 3. 

Bibliometric Coupling Analysis on Maritime Transportation. 
Source: Goerlandt and Montewka [23]; Baksh, et al. [25]; Hossain, et al. [26]; Murray and Perera [27]; Aslam, et al. [28]; Yang, et al. [29]; Chen [30]; Molavi, et al. [31] and 

Bouman, et al. [32] 

 

4.1.1. Cluster 1 (Red) Sustainability, Operational Optimization, and Technological Innovation in Maritime Transportation. 

Maritime transportation faces significant challenges in reducing environmental impact while enhancing operational 

efficiency. Bouman et al. [32] emphasize that no single solution can effectively mitigate greenhouse gas (GHG) emissions. 

However, a combination of advanced technologies and more efficient operational practices has the potential to reduce 

emissions by up to 75% by 2050. Measures such as improving ship design, adopting alternative fuels, and implementing 

stringent policies can significantly lower emissions per unit of cargo. Beyond sustainability, operational optimization plays 

a crucial role in reducing fuel consumption and logistics costs. Fagerholt et al. [33] demonstrate that strategic navigation, 

particularly in Emission Control Areas (ECA), helps ship operators adjust speed and routes to maintain efficiency. This 

approach allows vessels to comply with strict emission regulations while avoiding excessive fuel consumption. Moreover, 

sustainability and operational optimization are further reinforced through technological innovation in port systems. Molavi 
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et al. [31] introduce the Smart Port Index (SPI) as an evaluation tool aimed at enhancing port efficiency and resilience. By 

incorporating key indicators in operations, environment, energy, and security, the SPI enables ports to adopt smart 

technologies that reduce congestion, enhance logistics transparency, and accelerate cargo handling processes. Overall, 

sustainability, operational optimization, and technological innovation are not standalone elements but rather integrated 

approaches that contribute to developing a more environmentally friendly and efficient maritime transportation ecosystem. 

 

4.1.2. Cluster 2 (Green): Risk Analysis, Operational Safety, and Maritime Transportation Resilience 

Maritime transportation faces various challenges, including accidents, natural disasters, and operational disruptions. 

Akyuz [34] developed a model based on the Analytical Network Process (ANP) and the Human Factors Analysis and 

Classification System (HFACS) to identify the primary causes of accidents related to human factors. Meanwhile, Baksh et 

al. [25] employed a Bayesian Network (BN) to assess accident risks in Arctic waters, emphasizing the impact of ice conditions 

on ship accident probabilities. On the other hand, the resilience of maritime transportation systems and ports has become a 

critical research focus. Hossain et al. [26] utilized a Bayesian Network to evaluate port preparedness in handling disruptions 

such as natural disasters and cyberattacks, highlighting that infrastructure maintenance and alternative routing are key factors 

in port resilience. Furthermore, Verschuur et al. [35] analyzed 141 port disruptions caused by natural disasters using vessel 

tracking data, revealing that the average disruption lasted six days and that operational recovery was more frequently 

implemented than port diversions. These studies demonstrate how data-driven approaches and optimization methods can 

enhance safety, resilience, and operational efficiency in the maritime transportation industry. 

 

4.1.3. Cluster 3 (Dark Blue): Digital Transformation, Big Data, and Artificial Intelligence (AI) in the Maritime Industry 

The integration of digital transformation, big data, and artificial intelligence (AI) in the maritime industry has 

significantly contributed to enhancing operational efficiency, navigational safety, and environmental sustainability. Aslam et 

al. [28] introduced the concept of the Internet of Ships (IoS), an IoT-based network that connects various maritime assets to 

improve automation and vessel efficiency. However, challenges remain in data security and information management, which 

require further advancements. Meanwhile, Yang et al. [29] demonstrated how big data derived from the Automatic 

Identification System (AIS) has revolutionized maritime navigation, enabling route optimization, global trade analysis, and 

environmental impact monitoring. In addition, Murray and Perera [27] developed a deep learning model based on AIS data 

to predict vessel behaviour and enhance early warning systems, thereby reducing the risk of maritime accidents. With ongoing 

advancements in IoT, big data analytics, and predictive technologies, the digitalization of maritime transportation continues 

to evolve, fostering a smarter, safer, and more sustainable maritime ecosystem. 

 

4.1.4. Cluster 4 (Yellow): Risk Analysis, Navigational Safety, and Collision Mitigation Strategies in Maritime Transportation 

Data-driven approaches and optimization algorithms play a crucial role in enhancing the efficiency and safety of 

maritime navigation. Goerlandt and Montewka [23] developed a Bayesian Network-based maritime risk analysis framework, 

which aids in assessing uncertainties within risk models and optimizing decision-making regarding potential accidents, such 

as oil spills caused by ship collisions. Meanwhile, Zhang et al. [24] introduced the Vessel Conflict Ranking Operator (VCRO), 

which utilizes Automatic Identification System (AIS) data to detect near-collision events by analyzing distance, relative 

speed, and vessel direction differences, thereby improving the effectiveness of navigational risk assessment. Furthermore, 

Zhen et al. [36] developed a real-time collision risk assessment framework based on DBSCAN clustering and risk indexing, 

enabling automatic risk detection and prioritization, enhancing maritime traffic monitoring, and supporting collision 

prevention strategies. By integrating AI, big data, and risk modelling, Cluster 4 highlights how modern technologies can 

optimize safety and efficiency in maritime transportation. 

The following Table 3 presents the summary of the bibliographic coupling analysis with cluster number and colour, 

labels, number of publications, and representative publications. 

 
Table 3. 

Bibliographic coupling analysis on maritime transportation. 

Cluster No and 

Colour 

Cluster label Number of 

Publications 

Representative publication 

1 (red) Sustainability, Operational Optimization, and 

Technological Innovation in Maritime 

Transportation 

14 Bouman, et al. [32]; Fagerholt, et 

al. [33] and Molavi, et al. [31]. 

2 (Green) Risk Analysis, Operational Safety, and Maritime 

Transportation Resilience 

11 Akyuz [34]; Baksh, et al. [25]; 

Hossain, et al. [26] and Verschuur, 

et al. [35]. 

3 (Dark Blue) Digital Transformation, Big Data, and Artificial 

Intelligence (AI) in the Maritime Industry 

11 Aslam, et al. [28]; Murray and 

Perera [27] and Yang, et al. [29]. 

4 (Yellow) Risk Analysis, Navigational Safety, and 

Collision Mitigation Strategies in Maritime 

Transportation 

9 Goerlandt and Montewka [22]; 

Goerlandt and Montewka [23] and 

Zhen, et al. [36]. 
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4.2. Co-Word Analysis 

Applying the same database, the co-word analysis presents 78 out of 20,137 keywords that met 58 thresholds, resulting 

in three clusters. 

 
Table 4. 

Top 15 keywords in the co-occurrence of keywords analysis. 

Rank Keyword Occurrences Total link strength 

1 Maritime transportation 2365 7613 

2 Ship 770 3808 

3 Shipping 577 2439 

4 Waterway transportation 565 2439 

5 Risk assessment 310 1544 

6 Port operation 318 1365 

7 Vessel 227 1096 

8 Decision making 228 1067 

9 China 252 1066 

10 Emission transport 170 909 

11 Transportation planning 151 783 

12 Maritime safety 133 773 

13 Algorithm 145 759 

14 Navigation 150 724 

15 Numeric model 166 716 

 

Figure 3 presents the network structure of the co-word analysis. It visibly shows three clusters representing three different 

themes. Following the author's inductive interpretation, the three clusters are assigned the appropriate labels. 

 

 
Figure 4. 

Co-word analysis on maritime transportation. 

 

4.2.1. Cluster 1 (Red): Maritime Transportation Optimization and Port Development in China  

With 21 keywords, this cluster is labelled "Maritime Transportation Optimization and Port Development in China." The 

optimization of maritime transportation and port development in China involves the coordination of hinterland-port 

economies, sustainable development, logistics strategies, environmental policies, and technological advancements to enhance 

operational efficiency. A study by Gong et al. [37] demonstrated that the synergy between ports and hinterlands supports 

economic growth within the Maritime Silk Road initiative. Similarly, Wang et al. [38] analyzed 15 major ports in China, 

highlighting the importance of balancing operational capacity, economic conditions, and environmental factors for port 

sustainability. Chen [30] emphasized the need for maritime logistics optimization through resource integration and 
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infrastructure investment to improve global competitiveness. Meanwhile, Zhou et al. [39] assessed China's green port policies, 

finding that while policies are well-designed, there remains a lack of coordination between central and local governments, 

and industrial incentives remain limited. To further improve efficiency, Jin et al. [40]  applied artificial intelligence (GA-BP 

Neural Network) to predict maritime cargo volumes, aiding port managers in strategic planning and decision-making. 

Through these approaches, China continues to develop its ports into globally integrated, efficient, and sustainable 

transportation hubs. 

 

4.2.2. Cluster 2 (Green): Machine Learning for Ship Risk Assessment and Waterway Optimization  

With 20 keywords, this cluster is labelled "Machine Learning for Ship Risk Assessment and Waterway Optimization." 

The application of machine learning in ship risk assessment and waterway optimization has demonstrated significant potential 

in enhancing safety and efficiency in maritime transportation. Rawson et al. [41] compared conventional methods with 

machine learning approaches in maritime risk assessment, revealing that new algorithms can overcome the limitations of 

traditional methods. Similarly, Rawson et al. [41] implemented machine learning models to predict ship accidents based on 

maritime traffic data, incorporating variables such as vessel type, weather conditions, and navigation patterns. Meanwhile, 

Park and Jeong [42] employed a Relevance Vector Machine (RVM) to estimate collision risks, achieving higher prediction 

accuracy compared to traditional methods like Support Vector Machine (SVM). Lee et al. [43] developed machine learning 

strategies to predict safe berthing speeds, preventing accidents during port docking operations. Additionally, Lang et al. [44] 

applied the XGBoost algorithm to predict vessel speed and optimize voyage scheduling, enhancing route efficiency and 

reducing fuel consumption. Overall, these studies confirm that machine learning plays a crucial role in improving ship safety, 

minimizing accident risks, and optimizing navigation and maritime transportation management. 

 

4.2.3. Cluster 3 (Blue): Sustainable Maritime Transport and Emission Control 

With 13 keywords, this cluster is labelled "Sustainable Maritime Transport and Emission Control." The implementation 

of sustainable maritime transport strategies and emission control measures has become increasingly crucial in addressing 

environmental challenges and complying with global emission regulations. Sulik-Górecka and Strojek-Filus [45] emphasized 

the need for more harmonized standards in CO₂ emission reporting within the maritime transport sector to enhance 

transparency and the effectiveness of sustainability policies. Meanwhile, Wang et al. [38] explored the impact of emission 

trading policies in the European Union, revealing that speed optimization and fleet adjustments are key cost-mitigation 

strategies for shipping companies. Palaniappan and Vedachalam [46]  highlighted that the transition towards eco-friendly 

maritime transport requires technological innovation, investment in alternative fuels such as hydrogen and ammonia, and the 

development of AI-driven autonomous vessels. Additionally, Borén et al. [47] demonstrated that slow steaming—reducing 

vessel speed—can significantly decrease fuel consumption and greenhouse gas emissions. However, they also noted that fuel 

consumption estimation methods must be refined for more accurate impact assessments. Furthermore, Schrooten et al. [48] 

developed a reference system for measuring and predicting ship emissions based on fleet characteristics, transportation 

activity, and energy consumption factors, providing a foundation for maritime emission mitigation policies. Overall, these 

studies affirm that effective emission control in the maritime sector requires a combination of robust regulatory policies, the 

adoption of environmentally friendly technologies, and data-driven operational strategies to achieve sustainable maritime 

transportation. 

A summary of the co-word analysis is presented in Table 5, comprising cluster number and color, cluster labels, number 

of keywords, and representative keywords. 

 
Table 5. 

Summary of co-word analysis on maritime transportation. 

Cluster No 

and color 

Cluster label Number of 

keywords 

Representative Keywords 

1 (red) Maritime Transportation Optimization and 

Port Development in China 

23 Maritime transportation, shipping, 

optimization, port 

 

2 (green) Machine Learning for Ship Risk 

Assessment and Waterway Optimization 

20 Ships, Waterway Transportation, risk 

assessment, prediction, machine learning 

3 (blue) Sustainable Maritime Transport and 

Emission Control 

13 Maritime transport, sustainable 

development, carbon emissions, emission 

control 

 

5. Discussion 
5.1. Digitalization of Maritime Transportation: Opportunities and Challenges 

The digitalization of maritime transportation has emerged as a key trend in enhancing efficiency and sustainability within 

the industry. The adoption of technologies such as the Internet of Things (IoT), Artificial Intelligence (AI), and Big Data has 

led to significant transformations in maritime operations, improving safety, optimizing shipping routes, and enhancing fuel 

efficiency [13]. However, despite the vast opportunities offered by digitalization, several challenges remain, including system 

interoperability, cybersecurity risks, and infrastructure readiness, which continue to pose major obstacles to its 

implementation [49]. 

 



 
 

               International Journal of Innovative Research and Scientific Studies, 8(2) 2025, pages: 3807-3819
 

3815 

5.2. Digital Transformation in Maritime Transportation: Opportunities and Challenges 

The digital transformation in maritime transportation presents significant opportunities to enhance logistics efficiency, 

reduce emissions, and improve supply chain transparency. Smart ports that adopt digital technologies can increase cargo 

handling speed and minimize ship queuing times, leading to greater operational efficiency and cost reduction [50]. 

Additionally, AI and Big Data enable navigation optimization by analyzing weather patterns and ocean currents to determine 

the most efficient routes [10]. However, despite these considerable benefits, the lack of technological standardization across 

countries and shipping companies remains a major challenge. Furthermore, cybersecurity threats pose significant risks, 

potentially disrupting maritime operations [51]. Ensuring data security and protection against information manipulation is 

crucial to sustaining digitalization efforts in the maritime sector. 

Beyond technological aspects, regulatory frameworks and human resource readiness also pose significant challenges in 

the digitalization of maritime transportation. The lack of standardized regulations across different countries hinders the 

interoperability of digital systems between ports and vessels, thereby reducing the effectiveness of digital technology 

implementation [3]. Additionally, the shortage of a digitally skilled workforce remains a major obstacle to the adoption of 

AI- and Big Data-based systems [52]. Therefore, comprehensive training and education programs are essential to ensure the 

sustainability of digital transformation in the maritime transportation sector. 

 

5.3. Sustainability in Maritime Transportation: Solutions and Strategies 

Sustainability in maritime transportation has become a major concern amid increasing environmental regulations and the 

urgent need to reduce greenhouse gas emissions. One of the key solutions is the adoption of alternative fuels such as hydrogen, 

ammonia, and biofuels, which have a significantly lower environmental impact compared to conventional fuels [53]. 

Additionally, ship design optimization and route planning strategies are crucial factors in enhancing energy efficiency and 

reducing fuel consumption [54]. The implementation of digital technologies such as AI and Big Data in port operations and 

navigation management can further reduce carbon footprints by optimizing logistics distribution and minimizing vessel 

waiting times at ports [55]. 

Another strategy involves the implementation of IoT-based emission monitoring systems, enabling shipowners and 

regulators to identify and control emissions in real-time [56]. From a policy perspective, the introduction of carbon taxes and 

incentives for high-efficiency vessels can further encourage the adoption of environmentally friendly technologies [38]. 

Additionally, several countries have begun enforcing strict regulations on sulfur and nitrogen oxide emissions, aiming to 

mitigate the environmental impact of the shipping industry [57]. 

The development of green ports has emerged as a strategic initiative in achieving sustainable maritime transportation. 

This concept encompasses the use of renewable energy, electrification of port equipment, and enhanced operational efficiency 

through digitalization [58]. Ports that adopt cold ironing technology, which allows vessels to shut down their engines while 

docked and rely on shore-based electricity, can significantly reduce emissions [59]. Despite the numerous strategies proposed, 

the implementation of sustainability measures in maritime transportation continues to face challenges, including high costs 

and industry resistance to change [60]. Therefore, collaboration among governments, industries, and academia is essential to 

develop more effective and sustainable solutions. 

 

6. Implications 
6.1.  Implications for Academia 

The increasing digitalization and sustainability in maritime transportation present significant opportunities for academics 

to expand research in this field. Recent studies indicate that maritime transportation research trends have shifted from 

regulatory and policy aspects towards logistics optimization, operational efficiency, and environmental sustainability [1]. 

Academics play a strategic role in developing technology-driven solutions that enhance the efficiency and competitiveness 

of the maritime industry. One of the rapidly evolving areas is the application of Artificial Intelligence (AI) and data analytics 

in voyage route optimization, maritime supply chain management, and maritime trade pattern prediction [7]. 

Furthermore, academics play a crucial role in advancing maritime sustainability research, including decarbonization 

strategies and the transition to clean energy in the shipping industry [2]. With increasing regulatory pressure on carbon 

emissions, academic research can provide evidence-based insights into alternative technologies, such as the use of hydrogen 

and biofuels in maritime transportation. Additionally, research on ship design optimization strategies and fuel consumption 

reduction is essential to support the industry in meeting increasingly stringent environmental standards [6]. 

Academics can also contribute to enhancing maritime safety by developing machine learning-based predictive models 

to identify potential accident risks and improve navigational safety. Recent studies highlight that digitalization in vessel 

traffic monitoring can enhance collision response and port operational optimization [3]. Thus, academics play a crucial role 

in establishing more adaptive and technology-driven safety systems in the maritime industry. 

Interdisciplinary and global collaboration is becoming increasingly important in addressing the complex challenges of 

the maritime industry. Partnerships between universities, research institutions, and the maritime sector can accelerate the 

development of evidence-based policies and the implementation of more efficient technological solutions [61]. Furthermore, 

academic research can contribute to the establishment of better international standards in maritime regulation and 

sustainability, as well as enhance the adoption of digital technologies in the global maritime industry [4]. Therefore, 

academics are not only responsible for expanding scientific knowledge but also for providing practical solutions to industry 

stakeholders and policymakers, ultimately enhancing the competitiveness and sustainability of global maritime 

transportation. 
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6.2. Implications for Industry 

The maritime transportation industry faces significant challenges in adapting to the digital era and meeting global 

sustainability demands. One of the most influential aspects is digitalization, which can enhance operational efficiency and 

logistics transparency in the maritime sector. Recent studies indicate that the implementation of digital technologies, such as 

IoT, Artificial Intelligence (AI), and blockchain, in the maritime supply chain can optimize port management and increase 

industry competitiveness [13]. However, research also highlights that the adoption of digital technologies in the maritime 

sector remains lagging behind other industries due to regulatory constraints, high initial investment costs, and resistance to 

change [3]. 

Beyond digitalization, sustainability issues have become a key concern for the maritime transportation industry. 

Regulations from the International Maritime Organization (IMO) are placing increasing pressure on the industry to reduce 

carbon emissions, compelling maritime companies to adopt environmentally friendly technologies, such as alternative fuels 

and more efficient energy management systems [62]. With the growing demand for carbon footprint reduction, the maritime 

industry is expected to invest in energy-efficient ship designs and leverage digital solutions for real-time emission monitoring 

and reduction [59]. 

Maritime security has also become a critical aspect of the industry, particularly in addressing cyber threats targeting 

digital navigation and vessel management systems. As more vessels rely on satellite-based communication technologies and 

automation systems, the risk of cyberattacks on maritime systems has increased significantly [63]. 

Therefore, maritime companies must develop more robust cybersecurity systems and ensure compliance with global 

security standards to mitigate these risks effectively. 

Additionally, the maritime transportation industry must enhance operational efficiency by implementing AI- and 

machine learning-based predictive maintenance systems. These technologies enable companies to identify potential failures 

in vessel systems before they occur, thereby reducing accident risks and lowering maintenance costs [64]. The 

implementation of AI-driven maintenance systems also contributes to sustainability by optimizing energy usage and 

minimizing operational waste. 

Overall, the maritime transportation industry must adapt to technological advancements and global sustainability 

demands to remain competitive. Collaboration between industry stakeholders, governments, and academia is essential in 

developing evidence-based strategies to enhance efficiency, security, and sustainability in the sector [49]. With the right 

investments in digitalization, cybersecurity, and environmentally friendly technologies, the maritime industry can continue 

to grow and effectively address future challenges. 

 

6.3. Implications for Policymakers 

Policymakers play a crucial role in guiding the transformation of the maritime industry toward greater sustainability and 

efficiency. Well-designed regulations can encourage the adoption of environmentally friendly technologies, enhance safety, 

and strengthen the global competitiveness of the maritime sector. Studies indicate that one of the primary policy challenges 

in maritime governance is the tightening of greenhouse gas emission regulations by the International Maritime Organization 

(IMO), which compels governments to develop incentive policies supporting the industry’s transition to low-carbon fuels 

such as hydrogen and electricity [58]. Additionally, digitalization policies in the maritime sector are becoming increasingly 

vital. The growing adoption of AI, blockchain, and IoT in the maritime supply chain necessitates new regulatory standards 

related to data security and system interoperability [4]. 

On the other hand, sustainable public procurement policies can serve as a strategic tool in promoting a more 

environmentally friendly maritime industry. Studies indicate that the implementation of Environmental Life-Cycle Costing 

(ELCC) in maritime procurement ensures that government-purchased vessels comply with higher environmental standards, 

thereby reducing the long-term environmental impact of maritime operations [65]. Moreover, policies that incorporate 

environmental externalities into operational costs can help create a fairer competitive landscape between fossil fuel-based 

technologies and green energy alternatives. 

Policymakers must also consider risks in international maritime transport regulations, particularly concerning supply 

chain resilience and cybersecurity. Public policy risks in maritime transportation have become increasingly complex due to 

the global reliance on maritime trade routes, which remain vulnerable to political and economic disruptions. Therefore, a 

risk-based approach in maritime policy is essential to ensure the continuity of global logistics without compromising safety 

and efficiency standards [66]. Additionally, the implementation of risk mitigation policies through stronger international 

agreements can help reduce the impact of global instability on maritime trade. 

Policymakers must ensure that maritime sector regulations strike a balance between economic needs and environmental 

sustainability. Studies indicate that overly stringent emission regulations can significantly increase operational costs and 

potentially hinder industry growth, whereas overly lenient policies may exacerbate maritime environmental degradation [67]. 

Therefore, an evidence-based approach is required to maintain a balance between economic growth and environmental 

protection in maritime policy development. 

Overall, policymakers must adopt a holistic approach to maritime regulation design, integrating technological, economic, 

and sustainability considerations. Collaboration among governments, industry stakeholders, and academia is essential to 

ensure that policies are not only effective in reducing environmental impact but also support the economic growth of the 

maritime sector [1]. Thus, data-driven and research-based maritime policies can foster a more innovative, sustainable, and 

resilient industry, capable of addressing future global challenges. 
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7. Limitations and Future Opportunities 
Despite rapid advancements in maritime transportation research, several limitations remain to be addressed. One of the 

key challenges is the limited availability of data sources used in academic studies. Most research relies on indexed scientific 

databases such as Scopus and Web of Science, which do not always include industry reports, government policies, and grey 

literature that may contain valuable insights into current maritime trends [6]. Additionally, bibliometric approaches, 

commonly used in maritime transportation trend analysis, have limitations in capturing the real-world impact of the reviewed 

research. Methods such as co-word analysis and citation analysis can illustrate academic relationships but do not necessarily 

reflect the practical contributions of a study to industry practices and public policy [1]. 

These limitations hinder industry stakeholders from directly adopting research findings, creating a gap between academic 

theory and real-world implementation [61]. 

Additionally, maritime transportation research continues to face challenges in integrating a broader multidisciplinary 

perspective. Many studies primarily focus on technical aspects, such as ship route optimization and port design, while few 

have explored the impacts of regulations, fiscal policies, and social engagement in the maritime industry in depth [66]. 

Moreover, research gaps remain in studies focusing on the digitalization of the maritime industry, particularly concerning 

cybersecurity and cross-sectoral data integration [4]. Emerging technologies such as Artificial Intelligence (AI), the Internet 

of Things (IoT), and blockchain present significant opportunities for industry transformation. However, research on the 

regulatory frameworks and practical implementation of these technologies remains limited [3]. Therefore, future research 

should adopt a more interdisciplinary and collaborative approach, involving academics, industry stakeholders, and 

policymakers to develop practical and implementable solutions for the global maritime sector. 

 

8. Conclusion 
This study explores the developments and trends in maritime transportation research over the past decade using a 

bibliometric approach. By analyzing 3,286 documents from the Scopus database, this study identifies six key clusters through 

bibliographic analysis, reflecting various aspects of maritime transportation, including safety, sustainability, and operational 

efficiency. The bibliometric coupling analysis reveals that research in this field has increasingly focused on maritime 

transport risks, greenhouse gas emission reduction strategies, and the adoption of new technologies for navigational safety. 

Meanwhile, the co-word analysis identifies three main themes in the literature: maritime accident prediction, the growth of 

China's container trade, and sustainable maritime transportation strategies. This study has theoretical implications by 

enriching the understanding of the knowledge landscape in maritime transportation and practical implications for industry 

managers in adopting digital transformation and preparing for the Fourth Industrial Revolution. However, this study has 

certain limitations, such as its restricted scope to specific databases and the potential bias in keyword selection. Therefore, 

future research is recommended to expand data coverage and further explore the impact of regulations and emerging 

technologies on the maritime transportation industry. 

 

References 
[1] X. Bai, X. Zhang, K. X. Li, Y. Zhou, and K. F. Yuen, "Research topics and trends in the maritime transport: A structural topic 

model," Transport Policy, vol. 102, pp. 11-24, 2021.  https://doi.org/10.1016/j.tranpol.2020.12.013 

[2] P. Alzate, G. A. Isaza, E. M. Toro, and J. A. Jaramillo-Garzón, "Advances and emerging research trends in maritime transport 

logistics: environment, port competitiveness and foreign trade," International Journal of Production Management and 

Engineering, vol. 12, no. 1, pp. 1-18, 2024.  https://doi.org/10.4995/ijpme.2024.21090 

[3] P.-L. Sanchez-Gonzalez, D. Díaz-Gutiérrez, T. J. Leo, and L. R. Núñez-Rivas, "Toward digitalization of maritime transport?," 

Sensors, vol. 19, no. 4, p. 926, 2019.  https://doi.org/10.3390/s19040926 

[4] N. Kaštelan, P. Vidan, N. Assani, and M. Miličević, "Digital horizon: Assessing current status of digitalization in maritime 

industry," Transactions on Maritime Science, vol. 13, no. 1, 2024.  https://doi.org/10.7225/toms.v13.n01.w13 

[5] P. Chen, Y. Luo, J. Mou, L. Chen, and M. Li, "Exploration of the state-of-the-art of maritime transport safety research: a 

bibliometric and visualised analysis," The Journal of Navigation, pp. 1-23, 2024.  https://doi.org/10.1017/S0373463324000110 

[6] S. Gülmez, G. Denktaş Şakar, and S. Baştuğ, "An overview of maritime logistics: Trends and research agenda," Maritime Policy 

& Management, vol. 50, no. 1, pp. 97-116, 2023.  https://doi.org/10.1080/03088839.2021.1962557 

[7] C. Thanapong, "Maritime computing transportation, environment, and development: trends of data visualization and 

computational methodologies," development, vol. 17, p. 19, 2023.  https://doi.org/10.46604/aiti.2023.10419 

[8] H. N. Psaraftis, "Guest editorial: Special issue on maritime transportation and port logistics," Transportation Science, vol. 49, 

no. 4, pp. 868-869, 2015.  https://doi.org/10.1287/trsc.2015.0640 

[9] M. Xu, X. Ma, Y. Zhao, and W. Qiao, "A systematic literature review of maritime transportation safety management," Journal 

of Marine Science and Engineering, vol. 11, no. 12, p. 2311, 2023.  https://doi.org/10.3390/jmse11122311 

[10] M. Jović, E. Tijan, D. Brčić, and A. Pucihar, "Digitalization in maritime transport and seaports: bibliometric, content and thematic 

analysis," Journal of marine science and engineering, vol. 10, no. 4, p. 486, 2022.  https://doi.org/10.3390/jmse10040486 

[11] J. An, "Maritime logistics and digital transformation with big data: review and research trend," Maritime Business Review, vol. 

9, no. 3, pp. 229-242, 2024.  https://doi.org/10.1108/MABR-10-2023-0069 

[12] R. Skjong and C. GUEDES SOARES, "Safety in maritime transportation," Reliability engineering & systems safety, vol. 93, no. 

9, pp. 1289–1291, 2008.  https://doi.org/10.1016/j.ress.2007.08.002 

[13] M. Pavlinović, M. Račić, and A. Mišura, "The importance of digitalization for sustainable development of maritime industry," 

Transactions on maritime science, vol. 12, no. 02, 2023.  https://doi.org/10.7225/toms.v12.n02.w03 

[14] E. Czermański, B. Pawłowska, A. Oniszczuk-Jastrząbek, and G. T. Cirella, "Decarbonization of maritime transport: analysis of 

external costs," Frontiers in Energy Research, vol. 8, p. 28, 2020.  https://doi.org/10.3389/fenrg.2020.00028 

https://doi.org/10.1016/j.tranpol.2020.12.013
https://doi.org/10.4995/ijpme.2024.21090
https://doi.org/10.3390/s19040926
https://doi.org/10.7225/toms.v13.n01.w13
https://doi.org/10.1017/S0373463324000110
https://doi.org/10.1080/03088839.2021.1962557
https://doi.org/10.46604/aiti.2023.10419
https://doi.org/10.1287/trsc.2015.0640
https://doi.org/10.3390/jmse11122311
https://doi.org/10.3390/jmse10040486
https://doi.org/10.1108/MABR-10-2023-0069
https://doi.org/10.1016/j.ress.2007.08.002
https://doi.org/10.7225/toms.v12.n02.w03
https://doi.org/10.3389/fenrg.2020.00028


 
 

               International Journal of Innovative Research and Scientific Studies, 8(2) 2025, pages: 3807-3819
 

3818 

[15] A. Georgakaki, R. A. Coffey, G. Lock, and S. C. Sorenson, "Transport and environment database system (TRENDS): Maritime 

air pollutant emission modelling," Atmospheric Environment, vol. 39, no. 13, pp. 2357-2365, 2005.  

https://doi.org/10.1016/j.atmosenv.2004.07.038 

[16] N. J. Van Eck and L. Waltman, "Visualizing bibliometric networks. In measuring scholarly impact: Methods and practice." 

Cham: Springer International Publishing, 2014, pp. 285-320. 

[17] A. Maseda, T. Iturralde, S. Cooper, and G. Aparicio, "Mapping women's involvement in family firms: A review based on 

bibliographic coupling analysis," International Journal of Management Reviews, vol. 24, no. 2, pp. 279-305, 2022.  

https://doi.org/10.1111/ijmr.12278 

[18] K. W. Boyack and R. Klavans, "Co‐citation analysis, bibliographic coupling, and direct citation: Which citation approach 

represents the research front most accurately?," Journal of the American Society for information Science and Technology, vol. 

61, no. 12, pp. 2389-2404, 2010.  https://doi.org/10.1002/asi.21419 

[19] M. Callon, J.-P. Courtial, W. A. Turner, and S. Bauin, "From translations to problematic networks: An introduction to co-word 

analysis," Social Science Information, vol. 22, no. 2, pp. 191-235, 1983.  https://doi.org/10.1177/053901883022002003 

[20] P. Tan Luc, P. Xuan Lan, A. Nhat Hanh Le, and B. Thanh Trang, "A co-citation and co-word analysis of social entrepreneurship 

research," Journal of Social Entrepreneurship, vol. 13, no. 3, pp. 324-339, 2022.  

[21] I. Zupic and T. Čater, "Bibliometric methods in management and organization," Organizational research methods, vol. 18, no. 

3, pp. 429-472, 2015.  https://doi.org/10.1177/1094428114562629 

[22] F. Goerlandt and J. Montewka, "Maritime transportation risk analysis: Review and analysis in light of some foundational issues," 

Reliability Engineering & System Safety, vol. 138, pp. 115-134, 2015.  https://doi.org/10.1016/j.ress.2015.01.025 

[23] F. Goerlandt and J. Montewka, "A framework for risk analysis of maritime transportation systems: A case study for oil spill from 

tankers in a ship–ship collision," Safety Science, vol. 76, pp. 42-66, 2015.  https://doi.org/10.1016/j.ssci.2015.02.009 

[24] W. Zhang, F. Goerlandt, J. Montewka, and P. Kujala, "A method for detecting possible near miss ship collisions from AIS data," 

Ocean Engineering, vol. 107, pp. 60-69, 2015.  https://doi.org/10.1016/j.oceaneng.2015.07.046 

[25] A.-A. Baksh, R. Abbassi, V. Garaniya, and F. Khan, "Marine transportation risk assessment using Bayesian Network: Application 

to Arctic waters," Ocean Engineering, vol. 159, pp. 422-436, 2018.  https://doi.org/10.1016/j.oceaneng.2018.04.024 

[26] N. U. I. Hossain, F. Nur, S. Hosseini, R. Jaradat, M. Marufuzzaman, and S. M. Puryear, "A bayesian network based approach 

for modeling and assessing resilience: A case study of a full service deep water port," Reliability Engineering & System Safety, 

vol. 189, pp. 378-396, 2019.  https://doi.org/10.1016/j.ress.2019.04.037 

[27] B. Murray and L. P. Perera, "An AIS-based deep learning framework for regional ship behavior prediction," Reliability 

Engineering & System Safety, vol. 215, p. 107819, 2021.  https://doi.org/10.1016/j.ress.2021.107819 

[28] S. Aslam, M. P. Michaelides, and H. Herodotou, "Internet of ships: A survey on architectures, emerging applications, and 

challenges," IEEE Internet of Things journal, vol. 7, no. 10, pp. 9714-9727, 2020.  https://doi.org/10.1109/JIOT.2020.2993411 

[29] D. Yang, L. Wu, S. Wang, H. Jia, and K. X. Li, "How big data enriches maritime research–a critical review of automatic 

identification system (AIS) data applications," Transport Reviews, vol. 39, no. 6, pp. 755-773, 2019.  

https://doi.org/10.1080/01441647.2019.1649315 

[30] P. Chen, "Research on the status quo and countermeasures of China's maritime logistics development in the new period," Journal 

of Coastal Research, vol. 98, no. SI, pp. 207-210, 2019.  https://doi.org/10.2112/SI98-051.1 

[31] A. Molavi, G. J. Lim, and B. Race, "A framework for building a smart port and smart port index," International journal of 

sustainable transportation, vol. 14, no. 9, pp. 686-700, 2020.  https://doi.org/10.1080/15568318.2019.1610919 

[32] E. A. Bouman, E. Lindstad, A. I. Rialland, and A. H. Strømman, "State-of-the-art technologies, measures, and potential for 

reducing GHG emissions from shipping–A review," Transportation Research Part D: Transport and Environment, vol. 52, pp. 

408-421, 2017.  https://doi.org/10.1016/j.trd.2017.03.022 

[33] K. Fagerholt, N. T. Gausel, J. G. Rakke, and H. N. Psaraftis, "Maritime routing and speed optimization with emission control 

areas," Transportation Research Part C: Emerging Technologies, vol. 52, pp. 57-73, 2015.  

https://doi.org/10.1016/j.trc.2014.12.010 

[34] E. Akyuz, "A marine accident analysing model to evaluate potential operational causes in cargo ships," Safety Science, vol. 92, 

pp. 17-25, 2017.  https://doi.org/10.1016/j.ssci.2016.09.010 

[35] J. Verschuur, E. Koks, and J. Hall, "Port disruptions due to natural disasters: Insights into port and logistics resilience," 

Transportation research part D: transport and environment, vol. 85, p. 102393, 2020.  https://doi.org/10.1016/j.trd.2020.102393 

[36] R. Zhen, M. Riveiro, and Y. Jin, "A novel analytic framework of real-time multi-vessel collision risk assessment for maritime 

traffic surveillance," Ocean Engineering, vol. 145, pp. 492-501, 2017.  https://doi.org/10.1016/j.oceaneng.2017.09.015 

[37] C. Gong, X. Yang, Y. Liu, and H. Xiong, "China's port-hinterland coordinated economic development under ‘maritime silk 

road’initiative," Journal of Coastal Research, vol. 112, no. SI, pp. 465-471, 2020.  https://doi.org/10.2112/JCR-SI112-123.1 

[38] H. Wang, Y. Liu, F. Li, and S. Wang, "Sustainable maritime transportation operations with emission trading," Journal of Marine 

Science and Engineering, vol. 11, no. 9, p. 1647, 2023.  https://doi.org/10.3390/jmse11091647 

[39] K. Zhou, X. Yuan, Z. Guo, J. Wu, and R. Li, "Research on Sustainable Port: Evaluation of Green Port Policies on China’s 

Coasts," Sustainability, vol. 16, no. 10, p. 4017, 2024.  https://doi.org/10.3390/su16104017 

[40] G. Jin, W. Feng, and Q. Meng, "Prediction of waterway cargo transportation volume to support maritime transportation systems 

based on GA-BP neural network optimization," Sustainability, vol. 14, no. 21, p. 13872, 2022.  

https://doi.org/10.3390/su142113872 

[41] A. Rawson, M. Brito, Z. Sabeur, and L. Tran-Thanh, "From conventional to machine learning methods for maritime 

riskassessment," TransNav: International Journal on Marine Navigation and Safety of Sea Transportation, vol. 15, pp. 757–764, 

2021.  https://doi.org/10.12716/1001.15.04.06 

[42] J. Park and J.-S. Jeong, "An estimation of ship collision risk based on relevance vector machine," Journal of Marine Science and 

Engineering, vol. 9, no. 5, p. 538, 2021.  https://doi.org/10.3390/jmse9050538 

[43] H.-T. Lee, J.-S. Lee, W.-J. Son, and I.-S. Cho, "Development of machine learning strategy for predicting the risk range of ship’s 

berthing velocity," Journal of Marine Science and Engineering, vol. 8, no. 5, p. 376, 2020.  https://doi.org/10.3390/jmse8050376 

[44] X. Lang, D. Wu, and W. Mao, "A machine learning ship’s speed over ground prediction model and sailing time control strategy," 

International Journal of Offshore and Polar Engineering, vol. 32, no. 04, pp. 386-393, 2022.  

https://doi.org/10.17736/ijope.2022.jc876 

https://doi.org/10.1016/j.atmosenv.2004.07.038
https://doi.org/10.1111/ijmr.12278
https://doi.org/10.1002/asi.21419
https://doi.org/10.1177/053901883022002003
https://doi.org/10.1177/1094428114562629
https://doi.org/10.1016/j.ress.2015.01.025
https://doi.org/10.1016/j.ssci.2015.02.009
https://doi.org/10.1016/j.oceaneng.2015.07.046
https://doi.org/10.1016/j.oceaneng.2018.04.024
https://doi.org/10.1016/j.ress.2019.04.037
https://doi.org/10.1016/j.ress.2021.107819
https://doi.org/10.1109/JIOT.2020.2993411
https://doi.org/10.1080/01441647.2019.1649315
https://doi.org/10.2112/SI98-051.1
https://doi.org/10.1080/15568318.2019.1610919
https://doi.org/10.1016/j.trd.2017.03.022
https://doi.org/10.1016/j.trc.2014.12.010
https://doi.org/10.1016/j.ssci.2016.09.010
https://doi.org/10.1016/j.trd.2020.102393
https://doi.org/10.1016/j.oceaneng.2017.09.015
https://doi.org/10.2112/JCR-SI112-123.1
https://doi.org/10.3390/jmse11091647
https://doi.org/10.3390/su16104017
https://doi.org/10.3390/su142113872
https://doi.org/10.12716/1001.15.04.06
https://doi.org/10.3390/jmse9050538
https://doi.org/10.3390/jmse8050376
https://doi.org/10.17736/ijope.2022.jc876


 
 

               International Journal of Innovative Research and Scientific Studies, 8(2) 2025, pages: 3807-3819
 

3819 

[45] A. Sulik-Górecka and M. Strojek-Filus, "Emission reporting of maritime and air transport in the context of sustainable 

development," Production Engineering Archives, vol. 28, no. 4, pp. 381–389, 2022.  https://doi.org/10.30657/pea.2022.28.47 

[46] M. Palaniappan and N. Vedachalam, "Climate-resilient and eco-friendly shipping: Mapping the trends," Marine Technology 

Society Journal, vol. 56, no. 4, pp. 90-105, 2022.  https://doi.org/10.4031/MTSJ.56.4.12 

[47] C. Borén, M. Grifoll, and M. Castells-Sanabra, "Emissions Assessment of Container Ships Sailing under Off-Design Conditions," 

Journal of Marine Science and Engineering, vol. 11, no. 10, p. 1983, 2023.  https://doi.org/10.3390/jmse11101983 

[48] L. Schrooten, I. De Vlieger, L. I. Panis, C. Chiffi, and E. Pastori, "Emissions of maritime transport: A reference system," Journal 

of Maritime Research, vol. 6, no. 1, pp. 43-52, 2009.  

[49] Y. Nemlioglu-Koca and S. Erdogan, "Are we ready for digitalisation? A study of the challenges and barriers to digitalisation and 

technology use in the turkish maritime sector," Polish Maritime Research, vol. 31, no. 2, pp. 132–139, 2024.  

https://doi.org/10.2478/pomr-2024-0029 

[50] L. Heilig, E. Lalla-Ruiz, and S. Voß, "Digital transformation in maritime ports: analysis and a game theoretic framework," 

Netnomics: Economic research and electronic networking, vol. 18, no. 2, pp. 227-254, 2017.  https://doi.org/10.1007/s11066-

017-9122-x 

[51] M. Canepa, F. Ballini, D. Dalaklis, S. Vakili, and L. M. Colmenares Hernandez, "CR CyberMar as a solution path towards 

cybersecurity soundness in maritime logistics domain," Transactions on Maritime Science, vol. 10, no. 01, pp. 147-153, 2021.  

https://doi.org/10.7225/toms.v10.n01.011 

[52] V. Koilo, "Unlocking the sustainable value with digitalization: Views of maritime stakeholders on business opportunities," 

Problems and Perspectives in Management, vol. 22, no. 1, pp. 401–417, 2024.  https://doi.org/10.21511/ppm.22(1).2024.33 

[53] A. Karaś, "An analysis of the carbon footprint In maritime transport: challenges and opportunities for reducing greenhouse gas 

emissions," TransNav: International Journal on Marine Navigation and Safety of Sea Transportation, vol. 17, no. 1, pp. 199-

203, 2023.  https://doi.org/10.12716/1001.17.01.22 

[54] M. Issa, A. Ilinca, and F. Martini, "Ship energy efficiency and maritime sector initiatives to reduce carbon emissions," Energies, 

vol. 15, no. 21, p. 7910, 2022.  https://doi.org/10.3390/en15217910 

[55] G. Xiao, Y. Wang, R. Wu, J. Li, and Z. Cai, "Sustainable maritime transport: A review of intelligent shipping technology and 

green port construction applications," Journal of Marine Science and Engineering, vol. 12, no. 10, p. 1728, 2024.  

https://doi.org/10.3390/jmse12101728 

[56] M. Gucma, A. Deja, and J. Szymonowicz, "Environmental solutions for maritime ships: challenges and needs," Production 

Engineering Archives, vol. 29, pp. 216-224, 2023.  https://doi.org/10.30657/pea.2023.29.25 

[57] J. A. Orosa, "Sustainability in maritime transport: Advances, solutions and pending tasks," Applied Sciences, vol. 13, no. 13, p. 

7618, 2023.  https://doi.org/10.3390/app13137618 

[58] H. Bach, A. Bergek, Ø. Bjørgum, T. Hansen, A. Kenzhegaliyeva, and M. Steen, "Implementing maritime battery-electric and 

hydrogen solutions: A technological innovation systems analysis," Transportation Research Part D: Transport and Environment, 

vol. 87, p. 102492, 2020.  https://doi.org/10.1016/j.trd.2020.102492 

[59] P. T.-W. Lee, O. K. Kwon, and X. Ruan, "Sustainability challenges in maritime transport and logistics industry and its way 

ahead," Sustainability, vol. 11, no. 5, p. 1331, 2019.  https://doi.org/10.3390/su11051331 

[60] X. Wu, L. Zhang, and M. Luo, "Current strategic planning for sustainability in international shipping," Environment, 

Development and Sustainability, vol. 22, pp. 1729-1747, 2020.  https://doi.org/10.1007/s10668-018-00303-2 

[61] M. Christiansen and K. Fagerholt, "Some thoughts on research directions for the future: Introduction to the special issue in 

maritime transportation," INFOR: Information Systems and Operational Research, vol. 49, no. 2, pp. 75-77, 2011.  

https://doi.org/10.3138/infor.49.2.075 

[62] L. Rauca and F. Nicolae, "Assessment of the environmental impact by merchant vessels'voyage monitoring," Scientific Bulletin" 

Mircea cel Batran" Naval Academy, vol. 25, no. 2, pp. 21-36, 2022.  https://doi.org/10.21279/1454-864X-22-I2-002 

[63] A. Oruc, "Ethical considerations in maritime cybersecurity research," TransNav, the International Journal on Marine Navigation 

and Safety of Sea Transportation, vol. 16, no. 2, pp. 309–318, 2022.  https://doi.org/10.12716/1001.16.02.14 

[64] D. Simion, F. Postolache, B. Fleacă, and E. Fleacă, "Ai-driven predictive maintenance in modern maritime transport—Enhancing 

operational efficiency and reliability," Applied Sciences, vol. 14, no. 20, p. 9439, 2024.  https://doi.org/10.3390/app14209439 

[65] A. Luttenberger and L. R. Luttenberger, "Sustainable procurement and environmental life-cycle costing in maritime transport," 

WMU Journal of Maritime Affairs, vol. 16, pp. 219-231, 2017.  https://doi.org/10.1007/s13437-016-0116-6 

[66] Y. Zhang, "Public policy risk assessment and response of international maritime transport," Journal of Coastal Research, vol. 

112, no. SI, pp. 443-446, 2020.  https://doi.org/10.2112/JCR-SI112-117.1 

[67] H. Wang, D. Liu, and G. Dai, "Review of maritime transportation air emission pollution and policy analysis," Journal of Ocean 

University of China, vol. 8, pp. 283-290, 2009.  
 

https://doi.org/10.30657/pea.2022.28.47
https://doi.org/10.4031/MTSJ.56.4.12
https://doi.org/10.3390/jmse11101983
https://doi.org/10.2478/pomr-2024-0029
https://doi.org/10.1007/s11066-017-9122-x
https://doi.org/10.1007/s11066-017-9122-x
https://doi.org/10.7225/toms.v10.n01.011
https://doi.org/10.21511/ppm.22(1).2024.33
https://doi.org/10.12716/1001.17.01.22
https://doi.org/10.3390/en15217910
https://doi.org/10.3390/jmse12101728
https://doi.org/10.30657/pea.2023.29.25
https://doi.org/10.3390/app13137618
https://doi.org/10.1016/j.trd.2020.102492
https://doi.org/10.3390/su11051331
https://doi.org/10.1007/s10668-018-00303-2
https://doi.org/10.3138/infor.49.2.075
https://doi.org/10.21279/1454-864X-22-I2-002
https://doi.org/10.12716/1001.16.02.14
https://doi.org/10.3390/app14209439
https://doi.org/10.1007/s13437-016-0116-6
https://doi.org/10.2112/JCR-SI112-117.1

