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Preface

Sustainable transport is easy to support as an idea, a concept. However, achieving 
sustainability requires knowledge, technology, investment and regulation, but also 
something harder to measure: a willingness to work across disciplines, institutions, 
sectors and borders. It means questioning established practices, testing new 
solutions, sharing what works, acknowledging what does not, and accepting 
responsibility for the systems we help to create. This is where we see our role. 

SuTra was never intended to belong to a single transport mode, discipline or 
professional community. Transport does not work that way. Maritime, road, rail, air 
and inland waterway transport are parts of interconnected systems in which 
infrastructure, energy, digital technologies, logistics, safety, human behaviour, policy 
and the environment continuously intertwine, and influence one another. 
Sustainability therefore cannot be reduced to a single technology, type of fuel, 
indicator or policy target. It is a shared challenge and, more importantly, a collective 
task.

The contributions gathered in this book reflect that understanding. They move from 
artificial intelligence, data-driven systems and the resilience of navigation and 
critical infrastructure to maritime decarbonisation, alternative technologies, coastal 
development and the blue economy; from logistics, supply chains and intermodal 
transport to smart mobility, transport planning and the social dimensions of 
sustainability. Across these themes run questions of safety, human judgement, 
digital transformation and our ability to make increasingly complex transport 
systems more efficient, resilient and responsible. The work presented here comes 
from different countries, institutions, disciplines and professional backgrounds, 
approaching transport from different perspectives and at different scales. It includes 
scientific research, methodological advances, professional experience, technological 
solutions, project results and ideas still under development. Student contributions, 
invited contributions, project presentations and expert panel discussions extend 
that conversation further. For that reason, this volume goes beyond the 
conventional format of a book of abstracts. It captures the intellectual landscape of 
SuTra 2026 and, with it, the work of the people who shaped it.

Behind every contribution is an author or a team willing to share their work. Behind 
every session are reviewers, chairs and colleagues who dedicate their time and 
expertise. Behind the conference itself stands a much larger group of organisers, 
partners, institutions and supporters whose work may not always be visible, but 
without whom neither the conference nor this book would exist. 
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That effort matters because the challenges we address do not stop at institutional, 
disciplinary or national borders. Supply chains cross continents. Transport systems 
connect jurisdictions. Digital systems exchange information across networks. 
Environmental consequences are shared, as are questions of safety, resilience, 
energy, accessibility and mobility.

A conference cannot solve these challenges, nor should it pretend to. What it can do 
is create a place where people who might otherwise work separately meet, compare 
evidence, challenge assumptions and see familiar problems from another 
perspective. It can connect a young researcher with an experienced colleague, a 
scientific idea with an operational problem, or a project with a future partner. 
Sometimes, a discussion that begins in a session continues long after the confe
rence has ended. Those may appear to be small outcomes. We do not think they 
are. To sustain is, after all, also to endure.

Sustainability is built in much the same way: through accumulated decisions, 
improvements, collaborations and changes in practice. Researchers shape it 
through the questions they choose to investigate. Universities through the people 
they educate. Industry through the technologies and practices it develops. Public 
institutions through the frameworks they create. And all of us through the choices 
we make about how, and with whom we work. SuTra is one small part of that 
process. We believe it is a meaningful one.

SuTra 2026 is also another step in the development of the conference itself. Each 
edition brings new people together, institutions and topics, while many colleagues 
return and continue conversations that began at previous meetings. That continuity 
is perhaps one of the most valuable things a conference can achieve. This book is 
therefore not only a record. It is also an invitation: to read beyond one’s own field, 
continue a discussion started in Opatija, turn an idea into cooperation, bring 
students into that conversation, and return with new questions, results and 
partners.

To all authors, participants, reviewers, invited speakers, panellists, project teams, 
partners, sponsors, colleagues and friends who contributed to SuTra 2026, thank 
you. This conference and this book exist because you chose to take part.

We are proud to present the SuTra 2026 Book of Conference Contributions. More 
importantly, we look forward to seeing what emerges from it.

Editors
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From Maritime Wind Heritage to Wind-
Powered Futures: Lessons for Sustainable 
Maritime Transport

Jakov Karmelić

University of Rijeka, Faculty of Maritime Studies, Rijeka, Croatia 
Former IMO Ambassador 
E-mail: jakov.karmelic@pfri.uniri.hr

Abstract

The traditional use of wind as a propulsion resource, deeply rooted in the heritage of 
wooden shipbuilding and sailing, demonstrates that the maritime sector historically 
operated with a fully decarbonised form of propulsion. The earliest evidence of sail 
use in the Mediterranean dates to c. 3100 BC, found on an Egyptian ceramic vessel, 
attests to the long history of harnessing wind as a source of maritime propulsion. As 
the need arose to build larger vessels with greater cargo capacity, and with the 
development of industrial shipbuilding, the introduction of iron and steel, and the 
transition to steam and diesel engines, wind was gradually abandoned as the 
primary source of energy.

Confronted with the negative emissions associated with fossil fuels and the 
requirements of the IMO’s decarbonisation objectives, the contemporary maritime 
sector is once again opening space for a technologically advanced reinterpretation 
of wind through Wind Propulsion Technology (WPT) systems. This confirms that 
wind – once the sole means of propulsion and today an alternative one – remains a 
constant in maritime transport. Modern wind‑assist and primary‑wind systems, 
based on advanced materials, automation and digitalisation, are now being 
demonstrated on more than 107 large commercial vessels worldwide. Research 
(IWSA, 2023) indicates that wind‑assist technologies will play a significant role in the 
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energy mix by 2030, while the combined uptake of primary wind and wind‑assist 
systems is expected to be comparable to other low and zero‑emission fuels by 2050.

Nevertheless, the introduction of WPT systems faces technical, operational, economic 
and regulatory barriers that limit their perception as an equivalent propulsion 
option. It is therefore essential to analyse wind‑based technologies within the same 
holistic framework as other alternative fuels (LNG, methanol, ammonia, biofuels, 
hydrogen, battery systems and nuclear options), to clearly understand their comple
mentary role in the sustainable transformation of the maritime sector. 

Returning to wind, not out of nostalgia but out of necessity, is increasingly recog
nised as an equal and sustainable option within the future energy mix, symbolically 
closing the historical arc from traditional sail‑based heritage to a technologically 
advanced and decarbonised maritime future – reaffirming that history remains a 
constant source of inspiration for modern solutions, historia magistra vitae.

Keywords: maritime heritage; wind propulsion technology; decarbonisation path
ways; alternative fuels; sustainable maritime transport
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Submarine Fibre-Optic Networks as Critical 
Infrastructure: Balancing Connectivity, Security, 
and Marine Environmental Protection

Irena Jurdana

University of Rijeka, Faculty of Maritime Studies, Rijeka, Croatia 
E-mail: irena.jurdana@pfri.uniri.hr

Abstract

Submarine fibre-optic cable networks constitute one of the most critical compo
nents of global communication infrastructure, carrying more than 99% of 
international digital data traffic and supporting modern economies, public services, 
and global communications. As demand for high-capacity broadband services 
continues to grow, the expansion of submarine telecommunications networks has 
become essential for maintaining global connectivity, digital sovereignty, and socio-
economic development. Despite their relatively small physical footprint, activities 
associated with the planning, installation, operation, maintenance, and repair of 
submarine cables may affect sensitive marine and coastal ecosystems. Disturbances 
of seabed habitats, particularly in ecologically vulnerable areas, highlight the 
importance of integrating environmental considerations throughout the entire 
lifecycle of submarine cable systems. Sustainable management and protection of 
marine environments are therefore essential for the long-term resilience and 
acceptance of submarine telecommunications infrastructure. At the same time, 
submarine fibre-optic networks are increasingly recognised as strategic and critical 
infrastructure. Many islands, outermost regions, and overseas territories rely heavily 
on submarine cable connectivity for access to digital services and international 
communications. Growing geopolitical tensions, cybersecurity concerns, and repea
ted incidents involving cable damage have drawn attention to the vulnerability of 
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these networks to both natural hazards and human-induced threats, including 
fishing activities, anchoring, accidents, sabotage, and coordinated attacks.

Protecting submarine cable infrastructure while preserving sensitive marine 
environments represents a significant challenge for policymakers, regulators, infra
structure operators, and environmental stakeholders. Addressing this challenge 
requires coordinated technical, regulatory, and environmental measures aimed at 
strengthening network resilience across the entire resilience cycle, including 
prevention, detection, response, and recovery. Particular emphasis is placed on best 
practices that support secure cable deployment, effective risk management, and 
environmentally responsible operation. The findings emphasise that enhancing the 
resilience of submarine fibre-optic networks and protecting marine ecosystems are 
complementary objectives that contribute to sustainable digital connectivity and 
the development of secure, reliable, and environmentally responsible communi
cation infrastructure.

Keywords: submarine fibre-optic cables; critical infrastructure; network resilience; 
marine environmental protection; digital sovereignty; sustainable connectivity
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AI, Human Judgment and the Limits of Machine Intelligence

The Mirror of Delusion: Why AI Generates Our 
Hallucinations and How I Hover Above the 
Machine as a System Creator

Robert Baždarić

University of Rijeka, Faculty of Maritime Studies, Rijeka, Croatia 
E-mail: robert.bazdaric@uniri.hr 

Abstract

In contemporary discourse surrounding Smart Mobility, Autonomous Systems, and 
Data-Driven Transportation, the term “hallucination” is frequently used to dismiss 
erratic AI outputs as mere statistical glitches. This presentation introduces a 
fundamental epistemic correction to this narrative. AI does not hallucinate. The 
machine operates as a flawless mathematical mirror, reflecting the deep, systemic 
“hallucinations” embedded within modern engineering logic [1]. The real delusion 
lies in the dogmatic belief that data density, hyper-optimization, and algorithmic 
dominance can out-calculate a nonlinear universe [2]. The current paradigm often 
uses AI as a digital miracle drug to force infrastructure into operational extremes, 
attempting to “win” an evolutionary game where nature only respects a homeostatic 
draw [3]. When the system fractures, it is not a coding bug, it is the logical 
consequence of a flawed architectural premise. Through my work with unsupervised 
decision-making, this session moves beyond the superficial lens of the observer’s 
eyes. By standing above the AI and operating from the creator’s perspective, true 
autonomous control is revealed not as a quest to micro-manage data signals or 
chase more complex controllers. Instead, it requires designing architectures that 
enforce localized causal boundaries, protect internal equilibrium, and reject the 
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fiction of the optimal win. Ultimately, there is no external entity out there to produce 
the questions that need to be answered; it is us. We must simultaneously provide 
the understandable questions and the answers. If we do not create the question 
ourselves, we will never truly know if the machine’s answer is correct. This presenta
tion invites us to look into the mirror, confront the structural flaws in our current 
logic, and retake our role as the foundational authors of systemic equilibrium.

Keywords: epistemic thought; ontic truth, homeostasis; natural equilibrium; algorithm 
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Discussion Flow

Opening Panel of the SuTra Conference, Powered 
by the Horizon Europe INNO2MARE Project

Panelists: 

Prof. Nikolina Brnjac, PhD, member of the EU parliament and an ECF rapporteur

David Smith, PhD, director general of the Ruđer Bošković Institute and an EIT 
Water representative

Prof. Nikola Mišković, PhD, Head, Center of Excellence in Maritime Robotics and 
Technologies

Mr. Ivić Vodopija, East Europe Managing Director at Maersk Line

Ms. Roberta Padovan, M.A.R.E. Technology Cluster FVG 

Prof. Ana Perić Hadžić, PhD, Dean, University of Rijeka, Faculty of Maritime Studies, 
Rijeka, Croatia

Moderator: 

Prof. Alen Jugović, PhD, University of Rijeka, Faculty of Maritime Studies, Rector’s 
Assistant for Investment and Economy

Discussion frame 
Where do we sail from here 

The SUTRA conference opens with a panel devoted to the question that will shape 
the next decade of the European maritime domain: how research and innovation in 
the sector will be funded in the 2028–2034 period.

The new financial framework brings two turning points. The first is FP10, the tenth 
framework program for research and innovation, which remains a stand-alone 
program but is closely linked to the new European Competitiveness Fund (ECF), 
particularly through its second pillar. The second is the ECF itself, an instrument 
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designed to translate research results more quickly into industrial application and 
market deployment. For the maritime sector that is spread across transport, 
industry, energy, and marine protection, this raises very concrete questions: where 
research ends, and industrial investment begins, how the two instruments will 
actually connect in practice, and whether maritime research will have a recognizable 
place in the new architecture or will fall between budget lines. The panel also follows 
the Commission’s Industrial Maritime Strategy and European Ports Strategy, which 
announced a reinforcement of public-private cooperation under the 2028–2034 
framework program, building on the achievements of the current zero-emission 
waterborne transport partnership, making the question of what will succeed that 
partnership one of the central ones.

Six perspectives on the same process will meet at the table: a European legislator 
leading rapporteurship work on the financial instruments for the new programming 
period; the national ministry responsible for the sea, transport and infrastructure, 
which carries those negotiations in the Council; a European industrial technology 
platform and the shipbuilding industry, which articulate the sector’s research 
priorities; a global shipping operator, as the end user and buyer of innovation; a 
center of excellence in maritime robotics, grown out of the widening program; and 
the new European knowledge and innovation community for water, marine and 
maritime sectors.

The panel is also the closing event of the INNO2MARE project, which spent four 
years connecting the innovation ecosystems of Adriatic Croatia and western 
Slovenia. The discussion, therefore, does not remain at the level of budget figures, 
but it asks what the new framework means for regions that built their maritime 
research capacity through European programs, and how the experience of such 
ecosystems can be translated into messages that Brussels will hear while decisions 
are still open.

On the table:

The ECF merges a range of existing programs into a single fund, with national and 
regional partnership plans. How to ensure that maritime affairs, which do not 
belong to one clear policy area, get a recognizable window and a visible 
allocation, rather than being scattered across other priorities?

The new instruments require national co-financing and institutional capacity. Does 
Croatia have a mechanism to bring well-evaluated maritime projects that miss 
out on European funding to realization anyway?
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Co-programmed or institutionalized partnership — which model gives industry 
the predictability it needs to plan development cycles that run a decade or 
more?

Over the past decade, where has European research delivered a measurable 
effect on operations, and where has it lagged behind what the industry needs?

Participation gaps between older and newer member states remain stubborn despite 
a series of measures. What would actually move the needle: quotas, mandatory 
inclusion of partners, investment in people, or something else entirely?

The knowledge and innovation community model assumes a gradual reduction in 
European funding and a path towards financial self-sufficiency. How feasible is 
that in maritime, where development cycles are long and capital requirements 
are high?
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Discussion Flow

Resilient Infrastructure of the Future:  
AI, Cybersecurity and Critical Systems Protection

Panelists: 

Mr. Tomislav Bronzin, CITUS LLC, Zagreb, Croatia 

Mr. Arian Stipić, CITUS LLC, Zagreb, Croatia 

Prof. Marko Horvat, PhD, University of Zagreb, Faculty of Electrical Engineering and 
Computing, Zagreb, Croatia

Mr. Marko Gulan, Astera Advisory, Zagreb, Croatia

Prof. Luka Mihanović, PhD, Dr. Franjo Tuđman Defense and Security University, 
Zagreb, Croatia

Moderator: 

Prof. Dario Ogrizović, PhD, University of Rijeka, Faculty of Maritime Studies, Rijeka, 
Croatia

Discussion frame 
The speed asymmetry

Critical infrastructure is becoming faster, smarter and more connected. It may also 
be becoming less governable. Attacks, failures and false signals can spread across 
connected information technology, operational technology and AI-enabled systems 
in seconds. Response still depends on human approval, divided authority and 
procedures designed for slower threats.

That is the speed asymmetry.

AI can strengthen detection and response, but it also raises an uncomfortable 
question: must a system sometimes act before a human fully understands what is 
happening? In critical infrastructure, waiting can be dangerous. Acting too quickly 
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can be worse. An automated defensive decision can stop machinery, close a 
terminal, interrupt power or disable an essential service. The response can become 
the incident. Resilience is not proven by preventing every compromise. It is tested 
when prevention fails. Can the system retain control, preserve essential functions 
and operate safely when data, communications and automated decisions can no 
longer be fully trusted?

On the table:

Can autonomous defence be trusted with a kill switch on physical systems?

Who authorises its activation, who can override it, and who is accountable when the 
defensive action causes the outage?

What is the minimum viable degraded mode for a port, a grid, a fleet or another 
critical system?

Which functions must remain operational, which can be sacrificed, and has that 
boundary ever been tested under realistic conditions?

Where does the human stay in the loop, and where is that insistence now a 
liability?

When does human judgement protect the system, and when does approval delay 
make an effective response impossible?

What fails first in a converged IT, OT and AI environment?

The technology, the data, communications, organisational coordination or the 
authority to decide?

Are we building operational resilience, or only faster and more complex systems?

Do current AI, cybersecurity and compliance investments improve the ability to 
operate while compromised, or merely expand dependencies, attack surfaces and 
false confidence?
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Discussion Flow

Transport Models for the Digital Transformation 
of Cities and Citizen Mobility Information 
Services

Panelists: 

Mr. Ivan Oleksa, Ernst & Young Consulting, Zagreb, Croatia

Tomislav Krljan, PhD, PTV Austria Planung Transport Verkehr GmbH, Vienna, Austria

Mr. Saša Vojvodić, Ericsson Nikola Tesla, Zagreb, Croatia

Mr. Sanjin Kuljanić, Technical Innovation and Fleet Development Department, 
Jadrolinija, Rijeka, Croatia

Mr. Aleksandar Saša Milaković, PhD, Deputy Mayor of the City of Rijeka, Rijeka, 
Croatia, representing Mayor Iva Rinčić

Moderators: 

Prof. Neven Grubišić, PhD, University of Rijeka, Faculty of Maritime Studies, Rijeka, 
Croatia

Prof. Luka Novačko, PhD, University of Zagreb, Faculty of Transport and Traffic 
Sciences, Zagreb, Croatia

Discussion frame 
Digital ambition without digital foundations

Cities are increasingly expected to become data-driven, predictive and responsive. 
Digital twins, real-time traffic management, AI-supported mobility services and 
personalised travel information are becoming part of the language of urban 
transport policy. But these systems depend on something much more basic: reliable, 
accessible and, wherever possible, open data, together with models that accurately 
represent how the transport system actually works. In many Croatian cities, transport 

Panel#3



333rd International Conference on Sustainable Transport

data collection is still fragmented, irregular and often project-based. Traffic counts, 
origin-destination data, public transport information, cycling and pedestrian data, 
parking data and other mobility datasets are collected by different institutions,  
with different methodologies and for different purposes. In addition, these datasets 
are often not easily accessible or available for reuse by other public authorities, 
researchers, service providers or citizens. 

Transport models are often developed for a specific study or infrastructure project 
and are rarely maintained as continuously updated decision-support systems. That 
creates a fundamental mismatch.

We are discussing digital twins and predictive mobility services while, in many 
cases, the basic digital representation of the transport system is still incomplete, 
fragmented or inaccessible. Transport models could become the connecting layer 
between data, planning, traffic management and services provided directly to 
citizens. But this requires a shift from one-off studies towards permanent, integrated 
and continuously updated modelling environments, supported by open, inter
operable and reusable transport data.

The question is therefore not only how advanced our models should become. It is 
whether cities have the data, institutional capacity and governance structures 
needed to make those models useful—and whether the data on which they depend 
are sufficiently open and accessible to all those who can use them to improve 
transport planning, research and mobility services.

On the table:

Are we discussing digital twins before we have built the digital basics?

Can cities realistically introduce predictive traffic management and real-time mobility 
services when systematic and continuous transport data collection is still missing?

What happens when traffic information starts changing the traffic it is trying to 
predict?

If all users receive the same recommended route or mode, can the system remain 
stable, and how should the model respond to behaviour that it has itself helped to 
trigger?

Should Croatia first invest in better data or better models?

Or is this a false choice, and should data collection, modelling and mobility infor
mation services be developed as one integrated urban digital infrastructure?



Do Croatian cities actually know how their transport systems perform on a daily 
basis?

Without permanent traffic monitoring and regularly updated transport models, 
how confidently can cities assess congestion, accessibility, modal split, infrastructure 
investments or the impacts of transport policies?

Are transport models still treated as project deliverables instead of permanent 
decision-support systems?

How do we move from models developed for individual studies towards living 
models that are continuously updated and used in everyday urban planning and 
traffic management?

Who should own and maintain the transport model of a city?

Should responsibility lie with city administrations, national authorities, public 
transport operators, universities, technology providers – or should Croatia develop a 
common national framework for transport data and modelling?

Can a city provide reliable mobility information to citizens if the city itself does 
not have a complete picture of its transport system?

When most real-time travel information comes from commercial platforms, does 
the public sector risk losing both the data and the ability to actively manage 
mobility?

Can smaller Croatian cities realistically build sophisticated transport modelling 
capabilities on their own?

Would shared national or regional modelling platforms, common data standards 
and centralised technical support provide a more realistic pathway to digital 
transformation?



EXPERT PANELS

Three System Questions
Three panels, three levels of governing systems in transition

The three SuTra 2026 panels approach transition from different scales: the European research ecosystem, critical
infrastructure, and the urban mobility system. Each begins with an open question rather than a predetermined answer.

01 THE EUROPEAN SYSTEM

Where do we sail from here?
Opening panel · Horizon Europe INNO2MARE closing event

How do we move from building maritime research capacity to sustaining it in the
next European funding architecture?

FP10  ·  ECF  ·  partnerships  ·  deployment  ·  widening  ·  capacity

02 THE CRITICAL SYSTEM

The speed asymmetry
Resilient Infrastructure of the Future

How do we retain control when connected critical systems can react faster than
institutions?

autonomy  ·  degraded mode  ·  authority  ·  accountability  ·  resilience

03 THE URBAN SYSTEM

Digital ambition without digital foundations
Transport Models for the Digital Transformation of Cities

How do cities build predictive mobility services when the data, models and
governance needed to support them remain fragmented?

data  ·  models  ·  feedback  ·  monitoring  ·  ownership  ·  governance

EUROPE / ECOSYSTEM CRITICAL INFRASTRUCTURE CITY / MOBILITY SYSTEM

Editorial synthesis of the published discussion frames. The questions do not represent panel conclusions.
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Artificial Intelligence in Maritime Transport and 
Seaport Operations: A Literature Review

Marija Jović Mihanović1, Edvard Tijan2,*, Saša Aksentijević2

1	 Institute of Shipping Economics and Logistics, Bremen, Germany
E-mail: jovic@isl.org 

2	 University of Rijeka, Faculty of Maritime Studies, Rijeka, Croatia
E-mail: edvard.tijan@pfri.uniri.hr; sasa.aksentijevic@pfri.uniri.hr 

Abstract

Artificial intelligence (AI) has become a key driver of digital transformation in the 
maritime transport sector by supporting safer, more efficient, and more sustainable 
maritime operations. As research in this field continues to expand, a comprehensive 
synthesis of current knowledge is needed to identify the main areas of AI application 
and emerging research trends. This study presents a systematic literature review of 
recent research on artificial intelligence in maritime transportation and seaports. 
The review is based on peer-reviewed publications indexed in the Web of Science 
database and is complemented by recent industry reports and other relevant 
practice-oriented documents to provide additional context on current develop
ments in the maritime sector. The literature search was performed in the Web of 
Science using the Topic field (titles, abstracts, author keywords, and Keywords 
Plus®). The search employed the keywords (“artificial intelligence” OR AI) AND 
(“maritime transport” OR shipping OR seaport OR vessel OR fleet management OR 
marine logistics). The selected studies were analysed to identify application areas 
and the opportunities and challenges associated with AI implementation. The 
findings indicate that current research primarily focuses on smart ports and port 

*	 Corresponding/presenting author
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operations [1–4] autonomous navigation and maritime safety and security [5–7], 
predictive maintenance and fleet management [8, 9], sustainable shipping and 
operational optimisation [10, 11], and governance, and human factors [1, 12]. While 
the reviewed literature demonstrates considerable potential for improving 
operational performance, safety, and environmental sustainability, it also highlights 
certain challenges. The main challenges include technical and infrastructure 
limitations, such as integrating AI with existing systems, ensuring data quality and 
interoperability, and enabling reliable real-time data processing [13]. In addition, AI 
adoption is constrained by cybersecurity and regulatory issues [7], as well as 
organisational barriers such as resistance to change [14].
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Abstract

Ensuring all conditions of maritime safety is a key priority for coastal states with a 
strong interest in providing flawless maritime traffic and shipping in their waters. At 
the same time, advances in information and communication technologies have 
significantly enhanced the accuracy and scope of the operational maritime picture, 
enabling ship management and shore authorities to exercise more effective and 
comprehensive oversight of shipping activities [1–2]. Therefore, this paper aims to 
make an analytical overview of the application of Artificial Intelligence (AI)-
supported technologies in three main fields with relevant challenges for maritime 
safety: autonomous shipping, reduction of risks of ship collisions, navigational 
operations and advanced global logistics solutions [3–5]. Maritime autonomous 
ships are widely regarded as a new chapter in future maritime transportation and it 
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is expected that through integrated machine learning (ML) models, new auto
nomous ships will be capable of avoiding collisions, responding rapidly and 
effectively to emergency situations, optimise navigation routes, reduce human error 
and enhance overall operational and situational awareness [6]. These capabilities 
have direct implications for maritime safety and resources optimisations. Collision 
risk may also be reduced through the integration of existing technologies for raising 
maritime safety based on e.g. Automatic Identification System (AIS) data [7]. The 
application of classification and clustering algorithms to AIS data can support the 
detection of maritime anomalies, facilitate the timely identification of potential 
collision risks, and strengthen anticipatory risk management in infrastructure 
contexts [8]. Following the mentioned issues in the maritime safety and logistics 
field, the main applications of AI-based technologies and its features are focused on 
analysis of vast amount of Big Data using the methods of ML and deep learning to 
provide better operational picture. For example, clustering and classification 
algorithms can be used to group vessel trajectories and vessel types, predict ship 
trajectories and destination ports, estimate arrival times, calculate deviations from 
expected routes, and detect anomalous behaviour [9–12]. To summarize, current 
disruptive AI developments in maritime context enable four main applications: in 
predictive analytics for forecasting future states, in protection of maritime 
infrastructure against collision, cyber and other risks, in decision support through 
the provision of accurate information, and increased operational automation. These 
applications can contribute to improvements in functions such as cargo handling 
and autonomous vessel concept development [13]. 
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Abstract

As maritime navigation becomes increasingly digitalised and automated, seafarers 
require new competencies to effectively operate, supervise and interact with 
advanced systems [1]. Although the IHO S-100 framework, IMO e-Navigation and 
Sea Traffic Management have received considerable attention, fewer studies have 
examined how these developments are perceived by seafarers in everyday 
navigation [2, 3]. The experience gained from mandatory ECDIS implementation 
indicates that technological advances alone do not guarantee their effective use in 
practice, highlighting the importance of understanding seafarers’ perceptions and 
educational needs before introducing new digital navigation concepts [4]. 
Therefore, this study explores the human dimension of maritime digitalisation by 
investigating awareness, perceptions and educational needs related to emerging 
digital navigation technologies. Particular attention is given to knowledge of the 
S-100 framework, perceptions of the strategic priorities of the e-Navigation concept, 
cyber security awareness and attitudes towards future professional development. 
The study highlights existing knowledge gaps and identifies areas considered 
essential for the successful future navigation systems implementation. The findings 
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suggest that maritime stakeholders broadly recognise the importance of digital 
transformation but simultaneously indicate a need for a more systematic education 
and competency development. The successful implementation of digital navigation 
technologies will depend not only on technological advances but also on appro
priate education, competency development and organisational support.

Keywords: maritime digitalisation; digital navigation and e-concepts; human factor; 
S-100; e-navigation, sustainable navigation
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Abstract

Automatic Identification System (AIS) data are widely used for maritime traffic 
analysis, vessel monitoring, and safety-related research, supported by international 
AIS performance and technical standards [1], [2]. Recent AIS research has addressed 
trajectory preprocessing, anomaly handling, route extraction, and maritime traffic 
analytics, while recognising persistent challenges associated with temporal 
continuity, spatial consistency, and data quality [3], [4]. Previous research on berthed 
vessels has shown that AIS-derived positions may satisfy maritime positioning re
quirements while exhibiting greater variability than GNSS-based (Global Navigation 
Satellite System) reference solutions [5]. However, AIS messages recorded as moored 
vessel conditions have received comparatively limited attention as structured 
spatio-temporal units for assessing reported positional stability. This paper presents 
a multi-layer validation framework for mooring episode analysis in port environ
ments, based on AIS data. The framework was applied to an analytical dataset 
comprising 101,957 AIS records from 64 MMSI (Maritime Mobile Service Identity), 
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from which 126 retained mooring episodes were identified. The study used 
terrestrial AIS data, covering the Port of Naples (Italy) from 24 May to 14 June 2021 
[6], [7]. Episodes were extracted using AIS moored navigational status, speed-over-
ground below 0.3 kn, a minimum duration of 12 h, and a maximum gap percentage 
of 5%. As this is an initial methodological prototype, the detailed presentation 
focuses on two contrasting episodes considered significant and identified as the 
most stable and most dispersed cases according to a composite instability score 
derived from standardised spatial indicators. The proposed framework integrates 
temporal filtering, spatial consistency assessment, episode-level profiling, and 
harbour-context interpretation into a systematic and reproducible procedure for 
identifying and comparing patterns of reported positional stability. Observed AIS-
derived variability should not be interpreted as direct evidence of GNSS error or 
signal degradation. The proposed methodology provides a reproducible basis for 
evaluating AIS-derived mooring behaviour and supports future integration with 
georeferenced harbour infrastructure for quantitative berth-validation applications.

Keywords: AIS; mooring episode; multi-layer validation; positional stability; port 
environment; spatial dispersion; maritime data analysis; harbour
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Abstract

The development of Maritime Autonomous Surface Ships (MASS) requires 
intelligent onboard modules capable of assessing vessel performance in real time 
under varying environmental conditions. This paper presents a wide neural network 
(wNN) architecture for data-driven ship performance prediction, designed as a core 
component of autonomous navigation decision-making. The model estimates 
attainable ship speed as a function of significant wave height, wave period, encounter 
angle, and engine settings. It is trained on comprehensive datasets covering five 
sea-state categories and 13 encounter-angle configurations generated from validated 
hydrodynamic simulations [1]. The proposed architecture achieves prediction 
accuracy of R² = 0.9990, with robust generalisation across the full operational 
envelope. It includes extreme conditions beyond the training domain. The model 
also captures directional sensitivity, as head seas cause a 36% reduction in ship 
speed while following seas allow a 6% speed increase under identical wave heights 
[2]. Integrated seakeeping safety constraints based on slamming probability, deck 
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wetness frequency, and propeller emergence criteria ensure that the prediction 
module respects vessel structural integrity, functioning as hard constraints within 
an autonomous decision-making loop. The computational efficiency of the 
deployed NNs enables sub-second prediction suitable for real-time implementation 
within optimisation loops required for MASS operations. Furthermore, the modular 
architecture supports transfer learning, allowing adaptation to similar vessels using 
only limited additional data. 
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Abstract

Reliable sea-state classification plays a crucial role in enhancing maritime safety, 
supporting route planning, and enabling autonomous vessel operation [1]. Although 
wave buoys, wave radars, and satellite imagery provide valuable data for sea-state 
estimation (SSE) and classification, these methods are often constrained by high 
costs and limited practical applicability [2]. Consequently, the wave buoy analogy 
(WBA), also known as the ship-as-a-wave-buoy (SAWB) method, has been introduced 
as an approach for estimating sea-state parameters, including wave height, period, 
and direction, while also supporting the classification of sea-state codes [3–5]. 
Building on previous work in which an attention-based neural network was applied 
to sea-state classification from ship-motion responses across common multi-
degree-of-freedom (DOF) configurations [6], this paper extends the analysis by 
examining the relevance of individual ship-motion components. Simulated vessel 
responses were generated under irregular JONSWAP wave conditions using the 
MSS Toolbox package [7] and then classified into five sea-state classes. The 
attention-based classifier was evaluated using the full 6DOF ship-motion input, 
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individual single-DOF configurations, post-hoc channel-occlusion analysis, and 
speed-dependent performance evaluation. The results indicate that pitch and 
heave are the most relevant motion components for sea-state classification, but 
their importance varies across evaluation settings. Heave achieved the highest 
standalone classification performance, indicating strong independent discrimi
native capability, whereas pitch made the largest contribution within the full 6DOF 
model. Across vessel speeds, the complete 6DOF configuration achieved the 
highest overall performance, while pitch and heave consistently remained the most 
influential individual motion components. This suggests that reduced-input 
classification models based on the most relevant motion components may provide 
a practical balance between performance and system complexity. These findings 
show that ship-motion components contribute unequally to sea-state classification 
and highlight pitch and heave as particularly important signals for efficient ship-
motion-based classification configurations.

Keywords: sea-state estimation; sea-state classification; ship-motion components; 
degrees of freedom; attention-based neural network; wave buoy analogy
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Abstract

Sea-state estimation (SSE) is a key component of safe and efficient maritime 
transport, supporting route planning, vessel operation, and decision-making in 
changing ocean environments [1]. In particular, real-time SSE is essential for enabling 
timely operational responses and improving the reliability of intelligent maritime 
systems [1, 2]. Although current wave-measurement methods provide a reasonable 
balance between accuracy and practicality, they are often limited by their response 
times. Wave radars and wave buoys require sufficient observation time to estimate 
sea-state parameters reliably, while satellite-based measurements are typically 
delayed due to their remote-sensing nature. Following the previous evaluation, 
present work evaluates the influence of ship-motion signal duration on the 
classification performance of an attention-based neural-network framework for SSE 
[3, 4]. Simulated six-degree-of-freedom (6DOF) vessel-motion responses were produ
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ced at five vessel forward speeds under irregular JONSWAP sea conditions and 
subsequently assigned to five sea-state classes based on global wave-statistics 
parameters [4–6]. For each original 30-minute record, reduced-duration input sets 
were created by retaining only the initial 2, 5, 10, 15, 20, 25, or 30 minutes of data, while 
maintaining identical dataset splits and sample distributions across all experiments. 
Beyond the overall performance assessment, a speed-dependent analysis was 
conducted to determine whether the effect of observation-window length remained 
consistent across different vessel forward speeds. The results indicate that 
classification performance generally improved with increasing observation-window 
length, confirming the importance of signal duration for reliable sea-state 
classification. The best average performance was obtained using the 25-minute 
input window, while the 30-minute configuration provided no further improvement, 
suggesting performance saturation in the 20–30-minute range. The speed-based 
analysis showed broadly consistent trends across vessel forward speeds, indicating 
that the influence of observation-window length is not strongly speed-dependent. 
Although not the most accurate configuration, the 10-minute window provided a 
practical compromise between accuracy and latency, substantially reducing the 
required observation time while maintaining competitive classification performance.

Keywords: sea-state estimation; sea-state classification; vessel-motion responses; 
observation-window length; attention-based neural network
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Abstract

Global Navigation Satellite Systems (GNSS) are widely used as the primary Electronic 
Position Fixing System (EPFS) in maritime navigation, where reliable positioning 
supports safe, efficient, and digitally assisted transport operations [1]. Their operational 
value depends not only on positioning accuracy, but also on the continuous 
availability of valid positioning solutions [2]. This study assesses single-frequency GPS 
L1 positioning performance under different elevation mask settings using four 
datasets from three coastal or near-coastal reference stations. The data were proces
sed using a consistent RINEX-based RTKLIB single point positioning strategy [5, 6], 
with elevation mask angles tested from 0° to 45° in 5° increments. Performance was 
evaluated through horizontal and three-dimensional positioning error, satellite 
geometry indicators, number of valid satellites, and solution availability. Operational 
acceptability was assessed using IMO-based criteria combining horizontal accuracy 
and availability [3, 4]. The results show that positioning accuracy remained acceptable 
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across a broad range of configurations, while solution availability and compliance 
showed clear threshold-type behaviour. Stable compliance was observed between 5° 
and 20°, 25° represented a transitional regime, and elevation mask angles of 30° and 
above resulted in systematic non-compliance. These findings indicate that accuracy-
only assessment is insufficient for evaluating maritime GNSS usability. Elevation mask 
angle selection should be treated as a trade-off between excluding low-elevation 
observations, which are more susceptible to multipath and atmospheric effects, and 
preserving sufficient satellite geometry for continuous positioning [7, 8]. The study 
provides a practical basis for interpreting GNSS positioning reliability in electronic 
navigation systems, especially when availability, rather than accuracy, becomes the 
limiting operational factor. In the context of sustainable maritime transport, the 
results support safer and more reliable digital navigation through improved 
operational understanding of GNSS performance.

Keywords: maritime navigation; GPS L1; elevation mask angle; solution availability; 
satellite geometry; IMO requirements
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Abstract

The International Regulations for Preventing Collisions at Sea (COLREGs) refer to the 
concept of a close-quarters situation. As this term is not precisely defined, various 
interpretations and definitions have emerged in the literature and in judicial 
practice, based on court proceedings and judgments. In practice, many officers and 
masters rely primarily on their professional experience when determining whether a 
close-quarters situation exists. However, differing interpretations among seafarers, 
maritime experts, and even court-appointed experts may lead to potentially adverse 
consequences [1]. This study adopts the proposed definition of a close-quarters 
situation as the minimum distance at which a collision can still be avoided through 
the action of only one vessel [2]. Based on this definition, a series of navigational 
simulations was conducted using the TRANSAS NTPRO 5000 navigational simulator 
to determine the minimum distances and times at which a stand-on vessel can still 
initiate effective collision-avoidance action when the give-way vessel fails to comply 
with the COLREGs. A total of 168 simulations were performed using different 
scenario combinations of fine-form and full-form vessels, loading conditions, target 
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vessel speeds, and course angles. The results show that the minimum distance and 
time required to avoid a collision are primarily influenced by vessel maneuvering 
characteristics, relative speed, and the angle of intersection, confirming previous 
findings regarding the importance of maneuvering performance in collision 
avoidance [3]. The most critical situations were identified for course angles between 
115° and 150°, for which substantially greater distances and longer reaction times were 
required to avoid collision. The findings provide practical guidance for navigators, 
Vessel Traffic Service (VTS) operators, and the development of autonomous collision-
avoidance systems by defining the operational limits within which effective 
avoiding action can still prevent a collision between vessels.

Keywords: close-quarters situation; COLREGs; action to avoid a collision; last 
opportunity to avoid collision; use of navigational simulator
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Abstract

Transport safety has traditionally been understood through three dominant 
dimensions: technical reliability, infrastructure quality, and human factors. Although 
communication plays a central role in virtually every transport process—from 
operational coordination and decision-making to incident reporting and passenger 
information—it is rarely conceptualised as an independent dimension of transport 
safety. Instead, communication is usually treated as one of the human factor 
components, limiting a broader understanding of its systemic influence [1, 2]. This 
paper introduces the concept of Communication Safety, defined as the ability of a 
transport system to ensure accurate, timely, understandable, and actionable 
information exchange among all relevant stakeholders, including operators, 
managers, maintenance personnel, emergency services, passengers, and increasingly 
intelligent digital systems. The proposed framework argues that communication 
quality directly influences situational awareness, operational coordination, organi
sational learning, risk management, resilience, and safety culture [1–4]. Drawing 
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upon literature from organisational communication, safety management, human 
factors, and transport systems, the paper develops a conceptual model that 
identifies the principal dimensions of communication safety, including information 
accuracy, timeliness, feedback mechanisms, communication climate, digital 
communication support, and organisational openness. Particular attention is given 
to the growing role of artificial intelligence and digital communication technologies 
in supporting or, in some circumstances, complicating communication processes 
within transport organisations [4, 5]. The papers main contribution lies in positioning 
communication not merely as a supporting organisational process but as a funda
mental determinant of transport safety. Establishing communication safety as a 
distinct analytical concept may provide researchers and practitioners with a broader 
perspective for understanding accidents, improving organisational resilience, 
strengthening safety management systems, and designing communication-
centred safety strategies in increasingly complex transport environments [2, 3, 6, 7].

Keywords: communication safety; transport safety; organisational communication; 
safety culture; human factors; risk management; transport systems; digital com
munication
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Abstract

Numerous studies have identified human error as the leading cause of maritime 
accidents, therefore, understanding it is essential for improving navigational safety 
[1]. Fatigue is recognized as one of the most significant factors contributing to 
human error [2]. According to data from the International Transport Workers’ 
Federation (ITF), fatigue is associated with up to 25% of all maritime accidents [3]. By 
impairing cognitive and physical abilities, fatigue can lead to navigational errors, 
communication failures, impaired judgement and various other issues that may 
result in serious maritime accidents [4]. Based on an analysis of 521 maritime 
accidents related to fatigue [2], it was concluded that fatigue was the cause of 41% 
ship collisions. To better understand the significance of fatigue in shipping, this 
study conducted a survey to assess the level of fatigue experienced by seafarers 
upon resuming their duties on board. The survey involved 103 experienced deck 
officers; the largest group comprised second and third deck officers (56.3%), 
followed by chief officers and masters (43.7%). The results reveal a concerning level 
of fatigue (50%) among seafarers, highlighting the need for appropriate measures.

Keywords: human error; maritime accidents; fatigue; survey 
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Abstract

The transition toward environmentally sustainable ports and maritime transport is a 
crucial step in achieving the objectives of the International Maritime Organization 
(IMO), particularly in reducing greenhouse gas emissions and improving energy 
efficiency across the maritime sector. Although ports play a central role in the global 
economy and international trade, they are also associated with substantial environ
mental impacts [1]. The findings show that maritime transport accounts for 
approximately 2%-3% of global greenhouse gas emissions. With a projected annual 
growth rate of 2.1% over the coming years, the maritime industry is under increasing 
pressure to reduce its emissions. In response, the IMO has developed a strategy that 
targets a 20% reduction in net emissions by 2030, a further 70% reduction by 2040, 
and the achievement of net-zero emissions by 2050, relative to 2008 levels. In this 
context, the selection of appropriate green technologies in maritime transport 
constitutes a complex decision-making problem, as it requires the simultaneous 
consideration of environmental, economic, technical, and social dimensions, as well 
as the interests of multiple stakeholders [2–5]. Due to this complexity, multi-criteria 
decision-making (MCDM) methods are increasingly being adopted as effective tools 
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to support decision-making for the implementation of green technologies in ports 
and maritime transport. This paper provides a comprehensive review of the 
scientific literature on the application of MCDM methods in the selection of green 
technologies within the maritime sector, with a particular focus on solutions such as 
alternative fuels, shore-side electricity supply systems, energy-efficient port 
equipment, and emission reduction technologies. The analysis encompasses the 
MCDM methods employed, decision criteria, application areas, and methodological 
approaches. The results reveal prevailing research trends, as well as the strengths 
and limitations of existing methodologies, and highlight key research gaps, 
particularly in addressing uncertainty and in practical implementation within real 
maritime environments. Furthermore, the findings indicate that existing studies 
tend to focus either on challenges at the port level or on those faced by ship 
operators, resulting in limited interoperability of approaches to addressing the 
transition to zero emissions. This fragmentation represents a significant challenge 
and, at the same time, an opportunity for future research.
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Abstract

Maritime transport is entering a critical phase of decarbonisation, driven by the 
greenhouse gas (GHG) targets of the International Maritime Organization (IMO) [1] 
and reinforced by an increasingly stringent European framework. Its core 
instruments, the EU Emissions Trading System (EU ETS) [2] and the FuelEU Maritime 
Regulation [3], currently apply primarily to vessels above 5,000 GT, a threshold below 
which a substantial proportion of Croatia’s national passenger fleet operates. Under 
the derogations granted for domestic island connections, these smaller vessels 
remain outside the full scope of both instruments until the end of the decade. The 
resulting window is a narrow one, and easily wasted: compliance pressure is modest 
today, yet it will rise sharply once the derogations expire and ageing vessels 
approach the end of their service life. This paper treats that window not as a reprieve 
but as a planning horizon, linking the regulatory trajectory to concrete decarboni
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sation pathways for the sub-5,000 GT passenger segment [4]. Two complementary 
levers are examined. For the existing fleet, neat biodiesel (FAME B100) is assessed as 
a near-term retrofit fuel [5, 6], and for prospective newbuildings, other alternative 
fuels are considered. Rather than evaluating these options solely in terms of 
compliance at a specific point in time, the analysis considers their well-to-wake 
(WtW) GHG intensity, technical feasibility, and durability under the tightening limits 
ahead. On this basis, the paper proposes a conceptual fleet-renewal strategy for 
sub-5,000 GT passenger ships that translates these considerations into a structured 
decision logic, aligning compliance horizons, emission-reduction potential, and 
propulsion choices throughout the transition from retrofit to newbuilding. For 
operators, shipbuilders, and national authorities alike, it offers a transparent basis for 
sequencing investment, so that the derogation period becomes an opportunity to 
prepare decarbonisation rather than a pretext to defer it.

Keywords: maritime decarbonisation; passenger vessels; fleet renewal; FAME bio
diesel; EU ETS; FuelEU Maritime 
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Abstract

The decarbonisation of shipping is one of the main topics nowadays and it cannot 
be achieved without a large-scale transition to alternative fuels. Each of them 
introduces operational risks: toxicity, wide flammability limits, cryogenic tempera
tures, and substantially altered bunkering and emergency response procedures. 
Although the global fleet companies are adopting new fuels, personnel training 
cannot always keep up with these changes. Under these conditions, technology 
simulators are becoming not an auxiliary training resource, but a crucial factor of 
the energy transition. Simulators make it possible to reproduce a wide range of 
scenarios – from introductory exercises to highly complex operational situations – 
while doing so in a significantly safer and more cost-effective way. The use of a 
realistic human-machine interface combined with 3D graphics and even augment
ed reality, including rolling, vibrations, sound and light effects, allows for immersion 
in the realistic environment in which a person would work on a ship [1, 2]. Recent 
examples of these solutions are MethanolPAC [3] and AmmoniaPAC(3D), developed 
by Wärtsilä. Reproducing specific circumstances which led to accidents, followed by 
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reflection and structured debriefing, can also form an integral part of the training 
programme. Wärtsilä TechSim platform, in addition to type-specific simulators for 
methanol, ammonia and HVO, contains all tools required for such scenario-based 
training and debriefing [4]. Even before the first crew member boards the ship, 
digital models can enable crew familiarisation and type-specific training. Through
out the asset’s lifecycle they can serve as a platform for scientific research, refresher 
training, competence assessment and the rehearsal of emergency procedures, 
training operators to work with new fuels and their associated systems in a safe 
virtual environment [5]. At the same time, the modelling of failure modes and 
human-machine interaction helps to identify, reduce and manage operational risks 
before they materialise at sea. Simulators should no longer be viewed as a stand-
alone training product, but as a standard part of the equipment delivery, used for 
continuous operation and product/ship lifecycle improvement. 

Keywords: technology simulators; decarbonisation; alternative fuels; crew training 
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Abstract

The Blue Economy definition used by the European Commission includes all 
economic activities regarding oceans, seas, and coasts, as well as a wide range of 
interrelated, established, and new, growing sectors [1]. The concept itself presumes 
cross-sector and cross-border coordination among various stakeholders [2]. Blue 
Economy activities provide jobs for 5.4 million people in the EU and account for a 
gross value added (GVA) of approximately 500 billion euros per year [3]. Therefore, 
Blue Economy is one of the essential development models of the 21st century. 
Consequently, it is important to understand how to optimally align growth, 
development, and sustainability in Blue Economy [4]. This paper presents the the 
findings of a study on enhancing collaboration and fostering innovation across Blue 
Economy sectors. The research objective was to raise awareness of various pressures 
within the Blue Economy sectors. The aim was to identify key challenges in Blue 
Economy sectors that innovative marine technologies could resolve. Special 
emphasis has been placed on the diverse backgrounds of the stakeholders 
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participating in the research. Stakeholders from traditional sectors of the Blue 
Economy, as well as stakeholders from growing sectors, participated in the research. 
According to the results, stakeholders’ contributions are essential for shaping future 
initiatives and technological solutions that promote sustainability and innovations 
within the Blue Economy sectors. However, they also indicate the need for 
establishing stronger collaboration among various sectors and the development of 
integrated approaches that could improve efficiency and resilience of Blue 
Economy in general. 

Keywords: Blue economy; innovations; sustainability; resilience; competitiveness; 
challenges; Stakeholders 
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Abstract

Inland waterway transport (IWT) is an important part of Europe’s low-emission 
freight system, but it is highly exposed to climate-related hydrological change. Low-
water episodes on the Rhine and Danube show how drought can reduce vessel 
loading capacity, raise freight rates and disrupt industrial supply chains [1]. This 
paper examines how such physical disruption leads to financial exposure for 
shippers, carriers, insurers and public authorities, with emphasis on the Rhine-
Danube-Sava corridor.

The study uses a qualitative review and comparative analytical approach, combining 
transport-economics research on water levels, vessel loading and freight prices [2] 
with institutional assessments and market reporting on low-water disruption. A 
chronology of Rhine, Danube and Sava events from 2003 to 2026 is used to compare 
frequency, severity and navigation impacts, including the 2026 low-water episode 
on the Danube at Batina and Sava at Županja.

The findings indicate that low-water disruption can create substantial welfare, 
logistics and macroeconomic losses. In 2026, Rhine freight rates on the Rotterdam-
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Karlsruhe route reportedly rose from about EUR45 per tonne in late June to 
EUR130-140 per tonne by late July [3]. Furthermore, flooding is a related hazard: 
reported Danube-basin flood damage reached about EUR3.6 billion in 2002 and 
EUR2.4 billion in 2013 [4]. Despite these impacts, climate-related financial risk 
remains weakly reflected in transport contracts, insurance products and adaptation-
financing frameworks [5].

The paper concludes that inland waterway climate risk should be treated as both an 
operational and financial-planning issue requiring coordinated action by shippers, 
carriers, ports, insurers and public institutions. For the Sava-Danube corridor, early 
adaptation planning is essential because lower current freight volumes do not 
imply low future exposure.

Keywords: inland waterway transport, climate risk, low water, Rhine-Danube-Sava 
corridor, climate finance
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Abstract 

The expansion of coastal and submarine communication infrastructure across the 
Adriatic and Mediterranean regions increases the need for scalable monitoring 
approaches that support both infrastructure resilience and marine ecosystem 
protection. Existing evidence indicates that ecological pressures from submarine 
cables are generally localized, most evident during installation, and particularly 
relevant in sensitive shallow-water habitats. At the same time, Scientific Monitoring 
and Reliable Telecommunications (SMART) subsea cable research shows that 
communication infrastructure can also contribute to environmental observation 
systems [1–3]. Dubrovnik is an established Croatian submarine-cable landing 
location associated with the Adria‑1 system, operational since 1996, while the wider 
Adriatic region is becoming increasingly important within emerging digital-
infrastructure corridors such as GreenMed [4–6]. In this study, we implemented a 
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Sentinel‑2-based pilot monitoring framework for the Dubrovnik coastal area by 
combining impact–control spatial analysis, hydro-environmental interpretation, and 
non-parametric trend assessment for coastal and cable-landfall-style environments. 
The approach builds on established Sentinel‑2 applications for monitoring turbidity, 
suspended sediments, chlorophyll‑a, water clarity, and shoreline or coastal engine
ering responses in estuarine, coastal, and infrastructure-sensitive settings [7–13]. 
Monthly Sentinel‑2 observations from the extended available surface-reflectance 
record were used to derive relative turbidity and optical water-quality indicators, 
including the relative turbidity proxy (TurbidityProxy), Normalized Difference 
Turbidity Index (NDTI), Normalized Difference Chlorophyll Index (NDCI), red/red-
edge reflectance, suspended particulate matter proxy (SPMproxy), Normalized 
Difference Water Index (NDWI), and Modified Normalized Difference Water Index 
(MNDWI). The selected indicators are widely used for assessing chlorophyll‑a and 
optically complex waters, with NDCI originally proposed for remote estimation of 
chlorophyll‑a in productive and turbid waters and subsequently supported by  
red-edge-based chlorophyll retrieval approaches [14, 15]. Similar remote-sensing ap
proaches have been demonstrated in Croatian and Adriatic environments, including 
Vrana Lake, Kaštela Bay, and Italian Adriatic coastal waters, confirming the regional 
relevance of Sentinel‑2 for water-quality monitoring [16–20]. The analysis was divided 
into an early phase (2017–2019), middle phase (2020–2022), and recent phase (2023–
2025/2026). The cable-landfall-style area was analysed as the impact zone, while a 
nearby coastal location with similar characteristics was used as the control zone. 
Results showed no significant monotonic trend in relative turbidity within the 
impact zone (τ = −0.0065, p = 0.9228), control zone (τ = 0.0160, p = 0.8086), or the 
impact–control difference (τ = −0.0044, p = 0.9485). Sen’s slope estimates were near 
zero for all series, indicating stable optical conditions throughout the monitoring 
period. Period-based Kruskal–Wallis and pairwise Wilcoxon tests also showed no 
significant differences among the early, middle, and recent monitoring phases. 
However, TurbidityProxy remained strongly correlated with sediment-sensitive 
Sentinel‑2 indicators, including red reflectance, red-edge reflectance, SPMproxy, 
NDTI, and red/green ratios, supporting the internal consistency of the turbidity 
signal. The proposed framework demonstrates how satellite-based environmental 
monitoring can support baseline assessment, anomaly detection, and long-term 
monitoring of coastal infrastructure interfaces. The Dubrovnik pilot indicates stable 
coastal optical conditions and no persistent impact-zone turbidity elevation during 
the monitoring period. However, because no verified recent cable-installation 
timeline was available, the analysis should be interpreted as a coastal environmental 
monitoring pilot rather than a formal cable-impact assessment. Future applications 
should integrate Sentinel‑2 monitoring with local validation, ACOLITE or C2RCC 
atmospheric workflows, and in situ turbidity and chlorophyll‑a measurements to 
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improve interpretation of temporal water-quality dynamics in coastal infrastructure 
environments.

Keywords: Sentinel‑2; turbidity; coastal monitoring; submarine cables; water quality; 
infrastructure resilience
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Abstract

Coastal areas represent some of the most important, but also the most sensitive 
natural and economic resources of the Republic of Croatia and worldwide. They 
support a wide range of social, economic and recreational activities that often 
conflict with the need to preserve natural resources and the environment [1, 2]. A 
substantial proportion of the global population lives in coastal zones, exposing these 
areas to considerable demographic pressure [3]. At the same time, tourism 
development, industrial activities, urbanisation and intensive exploitation of marine 
resources place additional pressure on coastal ecosystems, while climate change 
further increases their vulnerability and reinforces the need for sustainable 
management [4]. The aim of the study was to examine the attitudes of residents of 
Zadar County toward sustainable coastal management, with special emphasis on 
their perceptions of key problems, levels of awareness and involvement in manage
ment processes, and their support for sustainable development measures. Data 
were collected using a survey questionnaire.

The findings indicate that local residents make intensive use of the coastal area in 
everyday life, primarily for recreation, walking and swimming, confirming its 
important social and recreational functions. Respondents rated the condition of the 
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coastal area as unsatisfactory, with the main challenges being excessive urbanisation, 
coastal concretisation, tourist pressures, and pollution of the sea and beaches. The 
results indicate limited access to information and insufficient involvement of local 
population in the coastal area management processes, which indicates the need for 
greater transparency of institutions and strengthening participatory management. 
At the same time, respondents expressed a high level of support for environmental 
protection measures, responsible spatial planning, and sustainable coastal manage
ment. A particular contribution of this work lies in the empirical evidence on the 
attitudes of local residents as a key stakeholder group in coastal area governance. 
The findings may serve as a basis for developing more effective policies for 
sustainable coastal area management, based on a balance between economic 
development, environmental protection and the interests of the local community.

Keywords: coastal area; local residents; Zadar County; sustainable coastal mana
gement
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Abstract

Drowning has been highlighted as one of the leading causes of unintentional injury-
related death worldwide despite favourable trends in drowning mortality and 
continuous efforts to increase public awareness [1, 2]. Beach safety flags are an 
essential proactive means of communicating bathing conditions and protecting 
beach users from potential hazards [3]. Although the International Organization for 
Standardization (ISO) and the International Life Saving Federation (ILS) have 
established standardized beach safety flag systems, many inconsistencies remain in 
their interpretation, operational implementation, and use due to differences in 
national regulations [4, 5]. Also, the current body of literature provides limited 
guidance on the development of a relevant framework with identified and selected 
criteria for the proper deployment of beach safety flags under specific on-site 
conditions. To address this research gap, this study proposes an operational 
framework for effective beach safety flag management, based on the identification 
and analysis of the operational criteria to be considered in deploying general and 
coastal flags along beaches. The purpose of this study is to enhance the current 
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observational criteria of lifeguard services with a predefined set of parameters, 
reducing subjectivity in the decision-making process through a standardized 
approach. To achieve the research objectives, the study considers a systematic 
review of relevant scientific literature, the regulatory framework, and industry best 
practices [3–8]. The findings are integrated into an operational framework of 
individual criteria, based on current knowledge, operational safety principles, meteo
rological conditions, and expert judgement. The proposed framework establishes a 
set of objectively measurable, operationally relevant, and internationally recognized 
criteria for the deployment of general and coastal beach safety flags. The operational 
framework enables the deployment of safety flags according to predefined criteria 
while retaining sufficient flexibility to accommodate local environmental conditions. 
Additionally, the outputs of this research contribute to reducing the current 
subjectivity in beach safety flag deployment and support the standardization of 
operational decision-making. Development of a systematic and credible safety 
management framework based on objectively measurable criteria has the potential 
to improve beach safety flag management, enhance consistency in operational 
practice, and strengthen bathing safety through evidence-based decision-making.

Keywords: beach safety flags; drowning prevention; beach management; decision-
making framework
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Abstract

Recreational marinas are increasingly required to accommodate growing boating 
demand while ensuring the sustainable integration of transport infrastructure, 
coastal environments and local communities [1, 2]. This paper presents the case of 
the Port of Sestri Levante, where an integrated planning framework was developed 
to support the redevelopment of the port system and the surrounding Baia delle 
Favole. Two scenarios were considered. The first concerns the rationalisation and 
reorganisation of the existing harbour and the Baia, while the second involves the 
development of a more structured tourist marina. The methodology evaluates both 
scenarios through three complementary analytical dimensions: territorial and 
transport accessibility assessment, berth supply–demand analysis, and spatial 
analysis of recreational boating mobility, including satellite-based observations of 
anchorage dynamics. The results place Sestri Levante as a strategic destination 
within the Ligurian and Northern Italian recreational boating system. The analysis 
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highlights a strong demand pressure on the Ligurian marina system, which 
comprises around 25.000 berths (more than 15% of the national total) [3, 4]. At the 
same time, this area records 1 berth for every 437 inhabitants in its effective area, 
compared to the national average of 1 for every 362 inhabitants. Under the first 
scenario, the reorganisation would provide approximately 300 berths within the 
harbour, compared with around 150 currently available, together with 23 dedicated 
fishing moorings and a separate 40-buoy mooring field in the Baia delle Favole. This 
scenario is estimated to generate more than €5.4 million per year in port revenues 
and local economic benefits. Under the second scenario, the development of a 
tourist marina would provide 334 recreational berths and accommodate vessels of 
up to 32 metres. Its estimated annual economic impact would exceed €7.3 million 
and support the creation of approximately 21.5 jobs [5]. Beyond the Sestri Levante 
case study, the proposed approach provides an operational framework that may be 
adapted to other Mediterranean coastal destinations facing similar challenges 
related to marina capacity, seasonal boating pressure and sustainable waterfront 
redevelopment [6].

Keywords: sustainable marina planning; transport accessibility; nautical mobility; 
port infrastructure; spatial analysis 
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Abstract

Nautical tourism plays an important role in the Republic of Croatia and, as a distinct 
form of tourism, contributes significantly to the national economy [1]. The paper 
aims to investigate the level of correlation between the total number of nautical 
ports, the total number of employees in nautical tourism and the gross domestic 
product (GDP) per capita in the Republic of Croatia over the period 2005-2025 and 
determine whether the above variables have a continuous positive compound 
annual growth rate (CAGR). The application of the Spearman correlation coefficient 
calculation method in maritime affairs has previously been demonstrated by 
Poljičak et al. (2022) [2]. The research was conducted in two main stages. The first 
stage comprised desk research, including a review of the literature relevant to the 
research topic and the collection of numerical data required for the empirical 
analysis. Data on the total number of nautical tourism ports and the total number of 
employees in nautical tourism in the Republic of Croatia were obtained from the 
Croatian Bureau of Statistics [3], while data on GDP (per capita) in the Republic of 
Croatia were obtained from Croatian National Bank database [4]. In the second 
stage of the research, Sperman’s rank correlation and CAGR values were successfully 
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calculated and the preliminary research results indicate that there is strong, 
significant and positive correlation among the variables examined and positive and 
continuous CAGR for all variables over the observed period. 

Keywords: nautical tourism; nautical ports; employees; GDP; CAGR; Republic of Croatia
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Abstract

To develop nautical tourism, numerous factors influencing its growth—such as 
location, hydrographic resources, transport, infrastructure, and accessibility—must 
first be aligned, alongside the presence of cultural and social factors [1]. The 
nautical tourism industry encompasses not only marinas and cruise ships but also 
yacht and vessel chartering [2]. The significant and robust growth of the yacht 
charter sector plays a pivotal role in the tourism industry, particularly within 
nautical tourism as a distinct form of tourism activity [3]. Yacht and vessel 
chartering are a key element of tourism development for countries with indented 
coastlines that aim to significantly grow their nautical tourism sectors. By 
implementing various digital technologies nautical tourism can accomplish 
certain advantages and achieve overall financial benefits [4]. Driven by the strong 
impact of digitalization and emerging trends in nautical tourism, charter agencies 
have had to adapt and devise creative services to attract new clients while 
retaining existing ones. The aim of this paper is to analyse and present the latest 
and most interesting global trends in yacht and vessel charter services. The offer 
of charter agencies was researched through the Google search engine as well as 
relevant tourist agencies that provide yacht and vessel charter services. After 
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having analysed and summarised the results, ten most popular global services 
with charter service users in 2025/2026 are singled out.

Keywords: charter industry; charter service; charter agencies; trends; service quality
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Abstract

This paper examines the impact of global supply chain disruptions and logistics 
challenges on import dynamics in the Republic of Croatia during the period 2015–
2024, with particular emphasis on system resilience in the context of global 
instability [1, 2]. Particular attention is given to the effects of the COVID-19 pandemic 
and geopolitical disruptions associated with the war in Ukraine, both of which 
substantially affected international transport and logistics flows [2, 3]. The empirical 
analysis draws on secondary data obtained from the Eurostat and UN Comtrade 
databases and employs descriptive statistics and multiple linear regression analysis. 
The results indicate that global trade activity plays a dominant role in determining 
Croatia’s import levels, while the effects of individual crisis events are not statistically 
significant at the aggregate level. These findings suggest a relatively high level of 
resilience in import flows despite major disruptions in supply chains and logistics sys
tems [1]. The study contributes by integrating economic and logistics perspectives 
and provides practical implications for supply chain management, including sup
plier diversification, enhanced flexibility of logistics systems, and policy design aimed 
at strengthening supply chain resilience in small open economies.
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Abstract

This study examines whether improvements in national logistics performance are 
associated with firm growth in African economies. Existing research on logistics 
performance and trade facilitation has largely focused on international trade 
outcomes [1, 2, 3, 4], while much less is known about whether improvements in 
logistics systems translate into firm-level expansion. However, evidence from 
developing economies shows that the broader business environment and infra
structure conditions can shape firm accumulation and growth [5, 6]. Evidence from 
Sub-Saharan Africa further suggests that transport-related capabilities are associated 
with higher firm growth [7]. Using 7,083 firm-year observations for 829 publicly 
listed non-financial, non-government firms in 12 African countries in the period 
from 2008 to 2023, we combine firm-level data with the World Bank Logistics 
Performance Index (LPI), annualized using Chow-Lin interpolation, and IMF real 
GDP growth. Firm growth is measured as the annual growth rate of total assets, 
while logistics improvement is captured by annual LPI growth. We estimate firm 
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and year fixed-effects models with firm-clustered robust standard errors, controlling 
for leverage, liquidity, firm size, and macroeconomic conditions. The results show a 
positive and statistically significant association between LPI growth and firm 
growth. In the baseline specification, a one-percentage-point increase in LPI growth 
is associated with approximately 0.64 percentage points higher firm asset growth. 
The relationship remains robust to alternative liquidity measures, fixed-effects 
structures, country-specific linear trends, excluding South Africa and Egypt, and 
restricting the sample to observed LPI survey years. However, the association is 
concentrated in 2016-2023 and is not statistically significant in the 2008-2015 sub
sample. Sectoral estimates show significant positive associations in manufacturing, 
mining, and retail trade, suggesting greater sensitivity among activities dependent 
on physical goods movement. Disaggregating the LPI shows that improvements in 
timeliness, international shipments, tracking and tracing, and logistics competence 
are associated with higher firm growth, whereas customs and infrastructure are not 
individually significant. The findings extend the logistics literature beyond trade 
outcomes by showing that improvements in national logistics systems are also 
associated with firm-level expansion in Africa, with substantial variation across 
sectors and logistics dimensions.

Keywords: firm growth; Logistics Performance Index; Africa; infrastructure; panel 
data analysis; firm-level analysis
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Abstract

Environmental sustainability has become very important in freight transportation; 
governments, logistics service providers, and shippers aim to reduce greenhouse 
gas emissions to remain competitive. With this objective, policy frameworks such as 
the European Green Deal also highlight the transition toward cleaner, more efficient 
transport systems [4, 5]. Intermodal transportation is an effective mode to improve 
transportation efficiency by combining road, rail, and maritime transport and 
reducing environmental impacts [3]. This paper studies the strategic role of inter
modal transportation in supporting the green transition in logistics with examples 
from Turkiye [6]. The study uses qualitative research on a systematic review of 
academic literature, international reports, and national policy documents, including 
Turkiye’s 2053 Transport and Logistics Master Plan. The study combines current 
knowledge on the contribution of intermodal transportation with sustainable freight 
systems, given its superior socioeconomic and environmental performance [7, 8]. It 
also searches how transport infrastructure investments, logistics hubs, digitalization, 
and public policies influence the transition towards greener logistics. Turkiye’s 
strategic geography, because of its logistics bridge among Asia, Europe, and the 
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Middle East, with national initiatives that promote rail freight, combined transport, 
and sustainable logistics corridors, [1] is essential for examining intermodal 
transportation. The paper provides a strategic framework for understanding the 
opportunities, challenges, and future priorities of expanding environmentally 
sustainable intermodal transportation in emerging economies [2, 9]. The results 
show that successful green logistics transitions need coordinated infrastructure 
investment, supportive public policies, digital transformation, and stronger integra
tion between transport modes. The paper also presents results by outlining policy 
implications for logistics stakeholders and identifying promising directions for 
future research on sustainable freight transportation in emerging economies.

Keywords: sustainable freight transport; green logistics; transport policy; intermodal 
transportation; sustainability; Turkiye
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Abstract

The digitization of freight transport documentation is a key prerequisite for a more 
efficient, secure and interconnected European transport area. Regulation (EU) 
2020/1056 on electronic freight transport information (eFTI) establishes a common 
framework for the standardized electronic exchange of regulatory freight data 
between economic operators and competent authorities [1]. In Croatia, this 
framework is implemented through the National System for Electronic Storage and 
Exchange of Data in Road Transport (NSCP). This study examines NSCP as a national 
model for operationalizing the eFTI framework, with particular emphasis on its 
functional architecture, interoperability mechanisms, access control and institutional 
requirements. The system functions as a national digital gateway connecting 
certified commercial eFTI platforms, Croatian competent authorities and eFTI 
portals in other EU Member States [2]. It enables authenticated communication, 
authorization-based access and the real-time exchange of standardized freight 
information [3]. The analysis shows that NSCP is not structured as a centralised 
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database. Freight data remain on certified platforms and are retrieved only upon 
authorised request. This approach limits unnecessary data duplication and 
strengthens traceability, accountability and data governance. The findings also 
indicate that effective interoperability depends not only on technical standards but 
also on regulatory alignment, cybersecurity and coordination among public and 
private stakeholders. NSCP demonstrates how regulatory requirements can be 
translated into a secure national digital infrastructure connected to the wider 
European eFTI ecosystem. The system provides a relevant case for examining the 
transition from paper document-based administrative procedures towards inter
operable, data-driven freight governance [4, 5]. 

Keywords: eFTI; digital interoperability; freight transport; data governance; NSCP
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Abstract

Modern refrigerated containers can provide continuous operational and micro
climate data during maritime and intermodal transport. In current practice, reefer 
supervision is mainly based on setpoint tracking, supply- and return-air temperature 
monitoring, and unit-level alarm thresholds. Such monitoring does not fully describe 
the time-dependent exposure of perishable cargo to combined thermal, hygro
metric, ventilation and atmospheric conditions that may accelerate ripening before 
a conventional alarm is generated. Previous work on virtual refrigerated containers 
has shown that temperature distribution and fruit-quality evolution inside a loaded 
container are spatially and temporally variable [1]. This paper proposes an LSTM-
based early-warning approach for connected reefer containers carrying climacteric 
horticultural products. Sequential data from the refrigeration unit and cargo 
environment, including air temperatures, relative humidity, ventilation status, 
defrost events, compressor operation, carbon dioxide, oxygen and ethylene-related 
indicators, are used to identify microclimate patterns associated with increased 
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ripening risk. LSTM-based and related recurrent models have already been applied 
to temperature and environmental prediction in refrigerated and agricultural cold-
chain applications [2, 3], while ethylene-related measurements and IoT-based 
monitoring support broader cargo-condition interpretation [4, 5]. The proposed 
approach is compared with conventional statistical and machine-learning methods, 
with emphasis on early detection capability, false-alarm behaviour and practical 
applicability in transport supervision. It positions the refrigerated container as a 
data-generating element of intelligent freight infrastructure and supports a transi
tion from equipment-centred monitoring toward cargo-condition-oriented decision 
support in cold-chain logistics.

Keywords: connected reefer containers; cold-chain logistics; cargo microclimate; 
LSTM; accelerated ripening; intelligent transport systems 
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Abstract

Freight demand growth, congestion, land scarcity and decarbonisation targets are 
placing conventional road and rail networks under increasing pressure [1]. Elevated 
transport that exploits the vertical dimension has re-emerged as a means of relieving 
these pressures, so far mainly through aerial ropeways for passengers. This paper 
assesses a less studied variant intended for cargo: mounted and suspended steel-
wheel rolling stock running on a prestressed string-rail overpass, in which the 
load-bearing element is a rail reinforced by a core bundle of pre-tensioned steel wires 
[2]. Using a structured desk-based comparative assessment, the reported technical 
parameters of three cargo configurations, namely containerised and piece cargo, 
bulk cargo, and general rolling stock, are compared with road, conventional rail and 
inland waterway freight across six criteria: throughput, speed, specific carbon dioxide 
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intensity, land take, capital and operating cost, and technological maturity. Emission 
intensities are estimated using the activity-based approach of ISO 14083 [3]. The 
results indicate that the electric string-rail concept is competitive with electrified rail 
in operational carbon dioxide intensity, while offering a markedly smaller ground 
footprint and the ability to overcome water and terrain barriers, at the cost of higher 
reported capital intensity for containerised lines and limited independent validation. 
The mode appears best positioned as a second-level feeder linking ports, terminals 
and industrial sites [4]. The principal limitations of the study are its reliance on 
manufacturer-reported data and the small number of demonstration installations.

Keywords: string-rail transport; elevated freight; second-level logistics; sustainable 
transport; techno-economic assessment; carbon dioxide emissions
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Abstract

This paper analyses the role of the reconstruction and functional reconfiguration of 
the Rijeka railway junction in the development of the Port of Rijeka and 
strengthening the Rijeka–Zagreb–Central Europe intermodal transport route [1–5]. 
The emphasis is placed on the spatial and functional separation of passenger and 
freight rail traffic, with freight capacities being relocated to peripheral locations in 
the wider Rijeka area, while passenger traffic is integrated into the urban fabric of 
the City of Rijeka. With the commissioning of the Rijeka Gateway container terminal 
and the growth of container traffic, the existing railway infrastructure does not 
provide sufficient capacity or the required levels of reliability and speed. Therefore, 
the construction of a new double-track lowland railway line between Rijeka and 
Zagreb is emerging as a key infrastructure project of national and international 
importance. The paper presents the transport and logistics characteristics of the 
Port of Rijeka, analyses the current condition of the Rijeka railway junction, and 
considers the planned railway infrastructure modernisation and reconstruction 
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projects. Particular attention is given to the technical and operational characteristics 
of the new lowland railway line and its effects on the efficiency of container dispatch 
and receipt by rail. The findings indicate that the functional reconfiguration of the 
Rijeka railway junction and the construction of the new line are fundamental 
prerequisites for the sustainable development of the Port of Rijeka and for 
strengthening its competitiveness within the North Adriatic port system.

Keywords: Rijeka railway junction; Port of Rijeka, Rijeka–Zagreb lowland railway line; 
intermodal transport; railway transport system
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Abstract

This paper examines the formation and consolidation characteristics of Less-than-
Container Load (LCL) cargo flows, where smaller consignments from multiple 
shippers are consolidated into a single container. LCL transport is an important 
element of maritime logistics chains, enabling the consolidation of small consign
ments and their subsequent deconsolidation at the destination [1]. Shipment 
consolidation can generate economies of scale and reduce transport costs [2], while 
appropriate cargo preparation and container-loading planning can support more 
efficient utilisation of available container capacity [3]. Building upon a structured 
theoretical framework that defines the key concepts, components and operational 
specificities of LCL containerised cargo flows, the research is conducted through a 
case study methodology focused on consolidator’s operations and information 
flows. The empirical analysis encompasses workflow organisation, operational 
procedures, and documentation processes, with particular attention to the 
interaction between physical and documentation flows throughout the transport 
process, from booking and cargo receipt at the container freight station (CFS) to 
consolidation, ocean transport, deconsolidation and final delivery, as well as the 
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identification of critical challenges in cargo consolidation and information flows. 
The aim of the paper is to analyse the organisation of LCL cargo flows and the 
integration of physical and documentation processes within maritime transport. 
The scientific contribution of this research lies in the systematic evaluation of the 
transport logistics and documentation framework as a key factor in optimising 
operational efficiency, transport, logistics and documentation processes for LCL 
transport in international maritime supply chains.

Keywords: container cargo flows; cargo consolidation; LCL logistics; documentation 
flows
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Abstract

This paper presents a mathematical modelling framework for optimizing delivery 
vehicle allocation and routing in parcel logistics, addressing the Vehicle Routing 
Problem (VRP) [1, 8] through free, open-source software tools. Two complementary 
models were developed and implemented in Python using the Google OR-Tools 
library [2]: a vehicle allocation model minimizing the number of active vehicles [7], 
and a routing model based on the Pickup and Delivery Problem with Time Windows 
(PDPTW) [4, 6]. Queueing theory models (M/M/1, M/M/S and M/G/1) [3, 9] were ad
ditionally applied to validate fleet-sizing decisions from a service-level perspective. 
The methodology was tested on a case study of NovaExpress parcel delivery in the 
city of Rijeka, comparing an urban delivery area (85 customers) and a suburban 
delivery area (42 customers) against experience-based dispatcher solutions. The 
mathematical model reduced the required fleet by 33.3% in the urban area and 
50.0% in the suburban area, cut total operational time by 14.6% and 13.4% 
respectively, and eliminated all time-window violations present in the dispatcher 
solutions. Queueing analysis confirmed the VRP-derived fleet sizes as an efficient 
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trade-off between vehicle utilization and customer waiting time. The results 
demonstrate that free, open-source optimization tools can deliver measurable 
operational and economic improvements for small and medium-sized logistics 
operators without software licensing costs [5].

Keywords: vehicle routing problem; fleet allocation; queueing theory; Google 
OR-Tools; parcel delivery logistics; open-source optimization
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Abstract

Metaheuristic algorithms have proven effective for solving NP-hard combinatorial 
problems, including the Container Relocation Problem [1-4]. Although these 
algorithms are typically evaluated in the literature based on solution quality and 
convergence speed, their energy consumption during execution is rarely considered, 
despite the growing importance of energy efficiency in computational systems [5]. 
This study analyses the electrical energy consumption of the Genetic Algorithm and 
African Buffalo Optimization when solving instances of the Container Relocation 
Problem, with energy measurements obtained experimentally using a Wattmeter 
EMOS P5801 device, while simultaneously considering the quality of the solutions 
obtained. The experimental evaluation was conducted across multiple configurations 
of each algorithm, considering key parameters that influence the search process 
and the utilisation of computational resources. The results show that the choice of 
algorithm configuration significantly affects both solution quality and energy 
consumption, with configurations yielding better solutions not necessarily being 
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the most energy-efficient, offering broader insight into the relationship between 
optimisation quality and energy use, and providing guidance for algorithm selection 
in applications where energy efficiency is as important a criterion as solution quality.

Keywords: metaheuristic algorithms; energy efficiency; Container Relocation 
Problem; Genetic Algorithm; African Buffalo Optimization 
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Abstract

Public transport planning in tourist cities requires decision-making based on 
reliable and comprehensive transport data. While travel behaviour surveys provide 
valuable insights into users’ mobility patterns and travel preferences, traffic counts 
quantify actual transport demand, and infrastructure assessments identify physical 
constraints affecting accessibility and network performance. However, relying on a 
single source of information may lead to incomplete planning decisions. Integrating 
multiple transport data sources offers a more comprehensive understanding of 
urban mobility and supports evidence-based public transport planning [1, 2]. This 
paper examines the contribution of integrating travel behaviour surveys, traffic 
counts, infrastructure assessment, and public transport system analysis to the 
planning of a public transport network in the City of Opatija, Croatia. The research is 
based on a comprehensive transport study comprising household travel survey 
results, automatic and manual traffic counts, road infrastructure assessment, and 
public transport service analysis. Rather than evaluating the proposed public 
transport network itself, the study investigates how different transport data sources 
complement one another during the planning process and contribute to informed 
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decision-making [3]. The findings indicate that each data source provides unique 
information that cannot independently support effective public transport planning. 
Travel behaviour surveys explain users’ mobility needs and travel preferences, traffic 
counts quantify transport demand, while infrastructure assessment identifies 
operational constraints influencing service accessibility and network organisation. 
Their integration enables a more comprehensive evaluation of transport conditions 
and provides a robust basis for developing evidence-based public transport 
solutions in tourist-oriented urban environments. The proposed approach may 
serve as a transferable methodology for supporting sustainable public transport 
planning in cities facing similar mobility challenges [4].

Keywords: public transport planning; sustainable mobility; travel behaviour survey; 
traffic counts; evidence-based planning; tourist cities

References
[1] 	 Vuchic, V., 2005. Urban Transit: Operations, Planning and Economics. John Wiley & Sons, 

Hoboken, New Jersey. ISBN: 978-0-471-63265-8.

[2] 	 Walker, J., 2012. Human Transit: How Clearer Thinking About Public Transit Can Enrich Our 
Communities and Our Lives. Island Press, Washington, DC.

[3] 	 City of Opatija, Promocija Plus d.o.o., 2025. Travel Behaviour and Mobility of the Citizens of 
Opatija. Opatija, Croatia. Internal survey report.

[4] 	 Cvitković, I., Klečina, A., Krpan, Lj., Domjan Kačarević, N., Biškup, N., 2025. Transport Study for the 
Collection and Analysis of Traffic Data in the City of Opatija. University North, Varaždin, Croatia. 
Technical report prepared for the City of Opatija.



Opatija, Croatia ● 4 – 6 November 2026

PART III ● Research and Professional Abstracts

110 3rd International Conference on Sustainable Transport

Expert and User Perceptions of Multimodal 
Public Transport Attributes: A Comparative 
Analysis for Stated Preference Design

Nikola Kožul*, Luka Novačko, Borna Abramović, Tomislav Fratrović

University of Zagreb, Faculty of Transport and Traffic Sciences, Zagreb, Croatia 
E-mail: nikola.kozul@fpz.unizg.hr; luka.novacko@fpz.unizg.hr; borna.abramovic@fpz.unizg.hr; 
tomislav.fratrovic@fpz.unizg.hr 

Abstract

Stated Preference (SP) experiments are a cornerstone of discrete choice modelling 
in transport research [1, 2], yet the selection of attributes to include is a critical 
methodological decision that is often insufficiently addressed. In practice, attribute 
lists are commonly derived from literature and expert judgment [3], implicitly 
assuming that transport professionals’ priorities align with those of the users whose 
behaviour is being modelled. The MOBIUS project aims to develop a behavioural 
mode choice model for multimodal public transport (PT) in Zagreb, Croatia. As part 
of the underlying methodological work, the present study empirically tests the 
alignment between expert and user assessments of 33 PT attributes and derives an 
evidence-based tier framework for SP design. Two parallel surveys were conducted. 
An expert panel (n = 32; 19 respondents from the region and 13 international spe
cialists) and a Zagreb PT user sample (n = 67) rated the importance of 33 attributes 
on a 1–10 scale and identified the seven attributes they considered most critical. The 
33 attributes were classified into five thematic groups (Operational, Multimodality, 
Service Quality, Contextual, Psychological) reflecting established PT quality frame
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works [4, 5]. In the between-sample comparison Mann–Whitney tests per attribute 
with, Spearman rank correlation and Jaccard indices for top seven lists were used. 
All analyses were performed in SAS Studio. Overall alignment between expert and 
user rankings was strong on overall ranking of attributes, but there was 
disagreement between the two groups in the attributes they actively prioritised. 
Users consistently valued travel-experience attributes (crowding, perceived safety, 
waiting time, trust in digital services) more highly than experts, while experts more 
strongly prioritised network-level attributes (integrated ticketing, number of 
transfers, total travel cost). Bringing these findings together, an integrated tier 
framework classifies the 33 attributes into six categories: five core attributes with 
high cross-sample agreement (Total travel time, Travel time reliability, Service 
frequency, Waiting time, Ease of transfer), two critical disagreement attributes with 
substantial user-driven gaps (Crowding level, Spatial accessibility), four user-driven 
and five expert-driven attributes reflecting the systemic-versus-experiential divide, 
and two attributes recommended for exclusion from SP variation. This framework 
directly supports evidence-based SP design decisions for the MOBIUS project and is 
applicable to comparable multimodal mode choice studies elsewhere. Ongoing 
analyses extend these findings to user heterogeneity through cluster analysis of 
preference structure.

Keywords: stated preference; public transport; mode choice modelling; attribute 
selection
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Abstract

Demand Responsive Transport (DRT) has emerged as a promising solution for 
providing public transport services in rural and sparsely populated regions where 
conventional fixed-route services are economically unsustainable [1, 2]. However, the 
successful planning of DRT systems requires realistic estimation of travel demand 
and its temporal distribution, which remains one of the major challenges in transport 
planning. Existing studies have predominantly focused on dynamic dispatching 
strategies, ride-sharing optimisation and agent-based simulation of DRT operations 
[3–5], while recent research has further extended DRT applications towards integrated 
passenger-freight transport and advanced operational strategies [6–8]. Comparatively 
less attention has been devoted to generating realistic transport requests from 
observed travel behaviour prior to service implementation.

This paper presents a digital modelling framework for planning and evaluating DRT 
services based on behavioural survey data describing travel habits, socio-demographic 
characteristics, travel purposes and users’ service preferences. Individual transport 
requests are generated stochastically within predefined outbound and return time 
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windows, producing realistic demand patterns that reflect users’ mobility behaviour. 
The proposed methodology is implemented within the PTV Visum transport 
modelling environment, where the generated requests are integrated with a routing-
enabled transport network. A tour planning procedure dynamically links travel 
demand with transport supply by assigning passenger requests to an available vehicle 
fleet while considering pick-up and drop-off locations and operational constraints. The 
resulting vehicle tours are evaluated through dynamic DRT simulation, enabling the 
assessment of fleet utilisation, ride-sharing efficiency, passenger service quality and 
overall operational performance under different service configurations.

The methodology is demonstrated through a case study conducted on the Croatian 
island of Cres, a typical low-demand island environment characterised by dispersed 
settlements, and limited viability of conventional public transport services. The 
results demonstrate that the proposed framework provides an effective decision-
support tool for designing and assessing DRT services while offering a transferable 
methodology applicable to other rural and island regions.

Keywords: Demand Responsive Transport (DRT); tour-based simulation; transport 
planning; dynamic ride-sharing; rural mobility 

References
[1]	 Berrada, J., & Poulhès, A. (2021). Economic and socioeconomic assessment of replacing 

conventional public transit with demand responsive transit services in low-to-medium density 
areas. Transportation Research Part A: Policy and Practice, 150, 317–334. https://doi.org/10.1016/j.
tra.2021.06.008

[2]	 Bruzzone, F., Scorrano, M., & Nocera, S. (2021). The combination of e-bike-sharing and demand-
responsive transport systems in rural areas: A case study of Velenje. Research in Transportation 
Business & Management, 40, Article 100570. https://doi.org/10.1016/j.rtbm.2020.100570

[3]	 Ronald, N., Thompson, R. G., & Winter, S. (2015). Simulating demand-responsive transportation: A 
review of agent-based approaches. Transport Reviews, 35(4), 404–421. https://doi.org/10.1080/014
41647.2015.1017749

[4]	 Yao, R., & Bekhor, S. (2024). A ridesharing simulation model that considers dynamic supply-
demand interactions. Journal of Intelligent Transportation Systems, 28(1), 31–53. https://doi.org/10
.1080/15472450.2022.2098730

[5]	 Huang, J., Cui, Y., Zhang, L., Tong, W., Shi, Y., & Liu, Z. (2022). An overview of agent-based models 
for transport simulation and analysis. Journal of Advanced Transportation, 2022, Article 1252534. 
https://doi.org/10.1155/2022/1252534

[6]	 Calabrò, G., Inturri, G., & Pira, M. L. (2026). Integrating passenger and freight transport in demand-
responsive systems: A novel agent-based modelling approach. Transportation Research 
Procedia. https://doi.org/10.1016/j.trpro.2026.02.095

[7]	 Cho, S.-W., Lim, Y.-H., Ju, S.-H., & Seo, K.-M. (2025). Analyzing new operation strategy of demand-
responsive transport using a discrete-event simulation framework. Systems, 13(4), 303. https://
doi.org/10.3390/systems13040303

[8]	 Fehn, F., Engelhardt, R., Dandl, F., Bogenberger, K., & Busch, F. (2023). Integrating parcel deliveries 
into a ride-pooling service—An agent-based simulation study. Transportation Research Part A: 
Policy and Practice, 169, Article 103580. https://doi.org/10.1016/j.tra.2022.103580

https://doi.org/10.1016/j.tra.2021.06.008
https://doi.org/10.1016/j.tra.2021.06.008
https://doi.org/10.1016/j.rtbm.2020.100570
https://doi.org/10.1080/01441647.2015.1017749
https://doi.org/10.1080/01441647.2015.1017749
https://doi.org/10.1080/15472450.2022.2098730
https://doi.org/10.1080/15472450.2022.2098730
https://doi.org/10.1155/2022/1252534
https://doi.org/10.1016/j.trpro.2026.02.095
https://doi.org/10.3390/systems13040303
https://doi.org/10.3390/systems13040303
https://doi.org/10.1016/j.tra.2022.103580


Opatija, Croatia ● 4 – 6 November 2026

PART III ● Research and Professional Abstracts

114 3rd International Conference on Sustainable Transport

Assessing the Impact of Real-Time Passenger 
Information Systems on Perceived Bus 
Transport Service Quality: A Systematic 
Literature Review 

Nikola Biškup1,*, Ante Klečina2, Nives Domjan Kačarević2, 
Ivan Cvitković2

1	 Academica d.o.o., Bjelovar, Croatia
E-mail: nikola.biskup@academica.hr 

2	 University North, Department for logistics and sustainable mobility, Varaždin, Croatia
E-mail: anklecina@unin.hr; nidomjan@unin.hr; icvitkovic@unin.hr 

Abstract

Real-Time Passenger Information (RTPI) systems are increasingly implemented in 
public transport with the aim of improving service quality, reducing passenger 
uncertainty, and increasing the attractiveness of bus transport. This study analyses 
the effects of RTPI systems on passenger perception through a systematic literature 
review of scientific research. The review was conducted using a qualitative synthesis 
approach based on the principles of Synthesis Without Meta-analysis (SWiM) [1]. Ten 
scientific studies investigating different RTPI solutions, including passenger 
information displays [2], mobile applications [3, 4], web platforms [3], SMS services, 
and combined information systems [5–8], were analysed. The identified effects were 
classified into three main categories: reduction of perceived waiting time, increase 
in passenger satisfaction, and improvement of reliability perception and user trust. 
The results indicate that RTPI systems have the strongest and most consistent 
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positive impact on reducing uncertainty during waiting periods. Six studies 
analysed the perceived waiting time; five of them reporting positive effects, 
including reductions of approximately 1.5–2 minutes and improvements in perceived 
waiting experience. All studies examining passenger satisfaction identified positive 
effects, mainly related to reduced frustration, better travel planning, and improved 
overall travel experience. Furthermore, seven studies investigated reliability 
perception and user trust, with six reporting positive outcomes related to increased 
predictability and passenger control. However, the analysed studies also show that 
the effectiveness of RTPI systems strongly depends on the accuracy and reliability of 
provided information. Inaccurate arrival predictions may negatively affect user trust 
and reduce the perceived value of the system. The findings confirm that RTPI 
systems represent an important measure for improving the perceived quality of bus 
transport services, primarily by reducing uncertainty and enabling better travel 
planning. Nevertheless, their benefits depend on the quality of underlying 
operational data and the overall performance of the public transport service.

Keywords: real-time passenger information; public transport; bus services; passenger 
satisfaction; waiting time
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Abstract

This paper proposes a service-standard-led method for planning local, suburban, 
and regional passenger railway networks. Instead of deriving future services 
primarily from the constraints of existing railway infrastructure, the proposed 
method first defines the desired level of service in terms of frequency, connectivity 
and accessibility. These objectives are then translated into a hierarchical operational 
passenger transport network with clearly defined service standards, from which the 
corresponding infrastructure requirements are derived [1, 2]. Central Croatia is used 
here as a case study. The existing railway service is analyzed using selected indicators 
related to passenger service frequency, direct connections, opportunities for coordi
nated transfers, and timetable structure [3, 4]. It is then compared with a proposed 
hierarchical network of regional, suburban, and local passenger services based on 
the integrated clock-face timetable concept [3–6]. A schematic network diagram is 
used as both a technical [3–6] and graphical representation [7] of the proposed line 
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hierarchy, stopping patterns, service structure, and coordinated transfer opportu
nities. The main scientific contribution is the development of a planning framework 
that links desired public transport outcomes and citizens’ mobility needs with 
operational service design and long-term railway infrastructure requirements. 
Under this approach, infrastructure development is guided by a carefully designed 
passenger service network intended to meet the mobility needs of most of the 
population, rather than by existing infrastructure constraints alone. The proposed 
method should be transferable to other metropolitan and polycentric regions with 
comparable geographical structures and passenger mobility needs.

Keywords: integrated clock-face timetable; passenger railway service; public trans
port; service standards; passenger offer; transport planning
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Abstract

Cyclists remain among the most vulnerable road users. Unlike occupants of cars, 
vans and lorries, cyclists have little physical protection. As a result, collisions involving 
cyclists are more likely to lead to serious injury or death [1]. In the EU, cyclists 
represent 10% of all road user deaths. In 2024, 1,926 cyclists were killed on EU roads, 
and a further 22,153 cyclists were killed between 2014 and 2024 [1]. The increasing 
use of electric bicycles is influencing casualty trends. In countries that distinguish 
between bicycle types, deaths among electric bicycle users have increased while 
deaths among conventional bicycle users have generally decreased. The growing 
popularity of electric bicycles, particularly among older riders, may partly explain 
this trend [1]. A survey by Eurocities, which represents over 200 large cities including 
Paris, Berlin and Rome, found that a large majority of those that adopted a 30 km/h 
limit were seeing positive results in terms of reduced injury and death on the roads 
[2]. Although there is no official source that provides information about the cycling 
infrastructure, European Union research has identified more than 900,000 km of 
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cycle paths and lanes at EU level. Of that, a little over 300,000 km belongs to the 
dedicated cycle network (cycle tracks + cycle lanes), and the rest is cycle-friendly 
mixed traffic roads. The results highlight strong national differences in coverage, 
quality, classification systems, definitions, and completeness. Based on EU-wide 
surveys 23.6% of EU residents cycle at least once per week (male residents: 27.6%, 
female residents: 20.0%) and cycling represents on average 7.8% of all trips under 
300 km [3]. Using cycling infrastructure tracker ECF quantify the different types of 
cycling infrastructure across the European countries and compare the lengths of 
relevant public road networks to estimate the level of completeness of the cycle 
network [4]. According to previous research, the countries with the most cyclists 
(the Netherlands, Denmark, Belgium and Germany) record the highest absolute 
number of accidents, but this is a consequence of high exposure and the number of 
kilometres travelled. When looking at the risk per kilometre travelled, these 
countries are among the safest in Europe [5]. On the other hand, on global size, 
despite having lower infrastructure density and traffic calming metrics than the 
Global Top 30, Asian cities maintain a better safety rate (0.23 fatalities vs. the 0.29 
global average), proving that sheer volume and cultural integration can create 
“safety in numbers [6]. 

Using the aforementioned data, this paper will compare the development of cycling 
infrastructure with the number of traffic accidents, especially in countries with a 
pronounced separate cycling infrastructure.

Keywords: cycling; cycling infrastructure; cyclist accidents
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Abstract

Mobile eye-tracking glasses enable researchers to examine where road users direct 
their visual attention and how they respond to different traffic situations [1]. This 
technology is particularly valuable for studying vulnerable road users, including 
pedestrians, cyclists, and e-scooter users, whose behaviour is strongly influenced by 
the surrounding traffic environment [2–4]. This paper presents a structured 
literature review of mobile eye-tracking applications to the study of vulnerable road 
users. The focus is on pedestrian crossing behaviour, cyclist visual attention, 
interactions with transport infrastructure, and the emerging use of eye tracking in 
micromobility research [4]. The review shows that mobile eye tracking provides 
valuable insights into visual attention, hazard perception, and decision-making in 
urban traffic environments. However, existing research is still unevenly distributed. 
Pedestrians and cyclists have received considerably more research attention, while 
e-scooter users and other micromobility users remain comparatively underexplored 
[4]. The paper identifies key research gaps, including the need for more real-world 
studies, greater consistency in the use of eye-tracking metrics, and more comparative 
research across different vulnerable road user groups. The findings suggest that 
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mobile eye tracking can support safer infrastructure design, more effective road 
safety measures, and the development of more sustainable urban mobility systems.

Keywords: eye-tracking glasses; vulnerable road users; visual attention; sustainable 
urban mobility
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Abstract

Driver behaviour is widely recognised as one of the most important determinants of 
road safety, while inappropriate speed remains a major contributing factor to both 
the occurrence and severity of traffic crashes. Although fixed speed enforcement 
systems have been extensively implemented to improve road safety, their effective
ness is predominantly evaluated using aggregated indicators such as average 
speed, traffic violations, or crash frequency. Recent advances in unmanned aerial 
vehicle (UAV) technology and video analytics enable detailed observation of vehicle 
trajectories, providing new opportunities for the objective evaluation of road safety 
measures [1, 2]. This study presents a video-based assessment of driver behaviour in 
a speed enforcement zone located on the D2 state road in Northern Croatia. Traffic 
data were collected using an unmanned aerial vehicle (UAV), while the recorded 
videos were processed using the DataFromSky platform to automatically detect 
vehicles and extract vehicle trajectories, speed, and acceleration data. The analysis 
included 153 passenger vehicles travelling under uninterrupted traffic flow condi
tions, and descriptive statistical analysis was applied to compare driving behaviour 
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before, within, and after the monitored section [3]. The results indicate progressive 
behavioural adaptation throughout the monitored road section. Vehicle speeds 
decreased when approaching the speed enforcement zone, whereas the greatest 
acceleration variability was observed within the monitored section, indicating active 
speed adjustment. After passing the monitored section, vehicle movement became 
more stable, suggesting a transition towards a less dynamic driving pattern. The 
findings demonstrate that trajectory-based video analytics provide an objective and 
effective approach for assessing driver behaviour and evaluating road safety 
measures, supporting evidence-based traffic engineering and sustainable transport 
planning [4].

Keywords: driver behaviour; video analytics; vehicle trajectories; road safety; speed 
enforcement, UAV
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Abstract

Operational Intelligent Transport Systems (ITS) and centralized traffic management 
increasingly require reliable data-driven methods for understanding and managing 
dynamic traffic conditions in relation to predefined performance indicators [1–3]. 
However, the development of data-based decision-support models is often limited 
by the lack of representative datasets, especially for congested, imbalanced, or 
unusual traffic states, often unachievable in a real-world environment [4, 5]. 
Therefore, this research proposes a simulation-based approach for generating 
structured traffic state datasets for data-based decision support in centralized 
traffic management. The proposed methodology uses microscopic traffic simulation 
to generate different assignment scenarios, demand levels, saturation conditions, 
and route distributions [6, 7]. Simulation outputs are transformed into machine 
learning ready datasets using selected network state variables, including vehicle 
counts, average speed, delay, queue length, stopped time, and route impedance. 
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The generated datasets are then used as a basis for regression-based traffic state 
estimation, following the broader role of travel-time and traffic-state prediction in 
transport decision-support systems [8, 9]. Several machine learning algorithms are 
subsequently trained using the generated datasets, and their evaluation, based on 
relevant performance metrics, demonstrates satisfactory predictive accuracy in 
estimating network conditions and identifying traffic states relevant to manage
ment interventions. The results indicate that microsimulation provides a controllable 
and reproducible environment for generating representative traffic states that are 
difficult to systematically observe in real-world conditions. These findings contribute 
to the integration of traffic simulation, machine learning, and decision-support 
methods within operational ITS and centralized traffic management.

Keywords: decision-support system; network performance; microsimulation; 
machine learning; centralized traffic management
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Abstract

The transition from smart cities to the era of “AI urbanism” is fundamentally 
redefining spatial planning methodologies and urban mobility management in the 
21st century [1]. This paper critically examines the paradigm of “post-smart urbanism”, 
focusing on the transformation brought about by large urban models [2], software 
agents [4], and city-scale digital twins in the context of sustainable transport [2]. 
From the perspective of architecture and urban morphology, the research 
highlights a shift from static data collection toward generative spatial configuration 
and dynamic geometric optimization of traffic flows [2, 5]. Particular attention is 
given to advanced urban simulations and 3D geometric modelling of complex urban 
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surfaces [5], defining them as key tools for the three-dimensional visualisation, 
projection, and reorganization of intermodal transport hubs. Through a comparative 
analysis of traditional smart mobility concepts and emerging forms of algorithmic 
governance [3], the author points out potential methodological and spatial pitfalls of 
the “autonomous city”, including the possible erosion of human creativity in spatial 
design and the complexities of regulating public space [1]. The paper offers an 
innovative conceptual framework and a new vocabulary that bridge architectural 
theory, advanced spatial geometric modelling, and artificial intelligence systems, 
providing guidelines for human-centred and morphologically sustainable planning 
of future urban mobility.

Keywords: AI urbanism; sustainable mobility; spatial-geometric modelling; city-
scale digital twins; urban morphology
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Abstract

Aviation occupies a paradoxical position in decarbonisation policy: absolute 
emissions continue to grow despite sustained operational efficiency gains. Existing 
regulatory instruments — the EU ETS, ICAO’s Carbon Intensity Indicator, and 
national benchmarking frameworks — implicitly assume that improvements in 
operational efficiency are aligned with improvements in environmental performance. 
This paper provides the first direct empirical test of that assumption at the national 
system level and finds that the assumption does not hold. We estimate a by-
production stochastic frontier model [1] for 32 European countries over the period 
2015–2022, recovering separately identified operational and environmental efficiency 
scores. Unlike deterministic approaches, the stochastic frontier decomposition 
separates genuine structural underperformance from random noise, a precondition 
for valid policy inference. A copula function links the joint distribution of the two 
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inefficiency terms [2], allowing the direction and strength of their co-movement to 
be estimated from the data rather than fixed by assumption. Three main findings 
emerge. First, the two dimensions are in persistent structural tension: aviation 
systems performing closer to the operational efficiency frontier tend to perform less 
favourably relative to the environmental frontier. Second, this trade-off is 
significantly attenuated in tourism-dependent economies, implying that uniform 
carbon pricing generates structurally heterogeneous outcomes. Third, COVID-19 
reveals an asymmetric adjustment dynamic: environmental inefficiency expanded 
further and recovered more slowly than operational, reflecting longer capital 
commitment horizons in fleet and network decisions. These results imply that 
effective aviation decarbonisation requires instruments that separately target each 
efficiency dimension, calibrated to their structural relationship rather than assuming 
it away.

Keywords: aviation efficiency; environmental efficiency; by-production; EU ETS; 
tourism dependence; decarbonisation policy
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Abstract

Aviation was the only EU ETS sector to significantly exceed its 2022 emissions target, 
with emissions increasing by 11% while other regulated industries achieved sub
stantial reductions [1]. However, the EU ETS applies a uniform carbon price that does 
not distinguish between structurally constrained airlines – ageing fleets, legacy 
networks – and genuinely underperforming operators, a distinction that is critical 
for instrument design. Research indicates that the EU ETS only works when the 
premium mechanism accounts for airline heterogeneity [2], and that structurally 
constrained operators require alignment with fleet renewal incentives and ReFuelEU 
Aviation SAF mandates (European Commission, 2023) rather than price signals 
alone. Existing eco-efficiency approaches based on DEA or single-equation SFA 
cannot jointly characterise productive and environmental performance or formally 
test their co-movement. To address this limitation, we propose a Symmetric Dual-
Method Efficiency Framework (SDEF) which estimates four scores for each airline: 
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Technical Efficiency using SFA and XGBoost quantile regression (τ = 0.95) on the 
productive frontier, and Environmental Efficiency using both methods on the 
emissions frontier. The SFA model follows a by-production specification with 
Correlated Random Effects, while XGBoost incorporates SHAP decomposition for 
interpretability. The four scores are integrated through a copula system using Sklar’s 
theorem [3], enabling three targeted dependence tests: structural co-inefficiency 
(SFA–SFA), potential co-inefficiency (XGBoost–XGBoost), and parametric-vs-machine-
learning gaps within each dimension. The empirical application covers European 
airlines over 2013 to 2023, combining EU ETS verified CO₂ data with ICAO output and 
fleet-level inputs. The resulting taxonomy distinguishing structurally constrained 
operators – requiring fleet renewal and SAF incentives – from operationally 
underperforming ones amenable to slot and route management, as well as doubly 
underperforming airlines requiring a combination of interventions.

Keywords: stochastic frontier analysis; XGBoost; copula; environmental efficiency; 
EU ETS; aviation decarbonisation
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Abstract

The growing emphasis on sustainable business practices has positioned green 
logistics as a strategic priority for organisations seeking to reduce their environ
mental impact while maintaining operational efficiency. Sustainability reporting 
practices in the logistics sector are still evolving, while academic literature remains 
relatively limited, particularly regarding social sustainability indicators and global 
perspectives [1]. Despite growing interest in environmental, social, and governance 
(ESG) reporting, research gaps remain concerning the motivations, practices, and 
consequences of ESG disclosures from a supply chain management perspective [2]. 
At the same time, green logistics has attracted increasing research attention due to 
the need to reduce the environmental impacts of transportation activities and 
improve supply chain efficiency [3]. Previous studies indicate that green logistics 
performance is positively associated with sustainability reporting [4]. This paper 
examines the relationship between ESG and sustainability reporting and green 
logistics through a systematic literature review. The study investigates how sustaina
bility reporting can support green logistics initiatives and sustainable supply chains. 
Furthermore, it discusses the role of ESG reporting in enhancing stakeholder 
transparency, regulatory compliance, and strategic decision-making. The findings 
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highlight ESG reporting as more than a disclosure mechanism, positioning it as a 
potential driver of green logistics practices and sustainable business transformation. 
The study identifies research gaps and proposes directions for future research on 
the integration of ESG and sustainability reporting into logistics management.

Keywords: ESG reporting; green logistics; sustainable supply chains; sustainability 
reporting
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Abstract

The development of sustainable urban logistics represents one of the key challenges 
faced by modern cities due to the need to reduce the negative impacts of delivery 
traffic on citizens’ quality of life. Recent research highlights the importance of 
sustainable last-mile delivery solutions, including parcel lockers, cargo bikes, and 
other environmentally friendly delivery concepts, in improving urban sustainability 
while maintaining consumer satisfaction [2–4]. The aim of this paper is to examine 
citizens’ perceptions of the impact of sustainable logistics solutions on quality of life 
and to determine whether there are differences in attitudes according to 
respondents’ gender and age. The study was conducted using an online survey 
among residents of the Koprivnica city. The paper analyses responses related to the 
perceived impact of parcel lockers, urban logistics hubs, electric delivery vehicles, 
and other sustainable delivery solutions on reducing traffic congestion, noise levels, 
improving road safety, and enhancing overall quality of life. In addition, the study 
examines citizens’ level of support for the implementation of sustainable urban 
logistics measures, including their willingness to accept changes in parcel collection 
methods. Previous studies have shown that consumer attitudes and behavioural 
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intentions, particularly regarding parcel lockers and alternative delivery options, 
play an important role in the successful implementation of sustainable last-mile 
logistics solutions [1, 3]. The collected data will be analysed using descriptive 
statistical methods, while differences in perceptions between male and female 
respondents and among different age groups will be examined using appropriate 
non-parametric statistical tests. The results are expected to indicate a high level of 
public support for sustainable logistics solutions, as well as differences in 
perceptions according to respondents’ gender and age. The findings may contribute 
to a better understanding of citizens’ attitudes towards sustainable urban logistics 
and provide a basis for planning and implementing measures aimed at reducing 
the negative impacts of delivery traffic and improving the quality of life in local 
communities.

Keywords: sustainable urban logistics; quality of life; citizens’ perceptions; sustainable 
delivery; gender; age
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Abstract

Pedestrian safety is a fundamental component of sustainable urban mobility, 
particularly in areas characterised by intensive interactions between pedestrians 
and motor vehicle traffic [1]. University campuses represent complex urban 
environments in which pedestrian movement does not always correspond to 
planned infrastructure, often resulting in informal crossing behaviour and increased 
conflict risk [2]. This paper analyses pedestrian behaviour in relation to the existing 
traffic infrastructure surrounding University North in Varaždin, Croatia, with parti
cular focus on Vinka Međerala Street. The research aims to explore the relationship 
between pedestrian movement patterns and the current transport infrastructure, 
identify infrastructure-related safety deficiencies, and propose measures to support 
safer and more sustainable mobility within the university area. The study is based on 
field research comprising an assessment of the existing traffic infrastructure, five 
days of traffic counts conducted during morning and afternoon peak periods, 
systematic observation of pedestrian movement, and a questionnaire survey 
involving students and other users of the study area. The findings reveal that 
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pedestrian movement is strongly influenced by the spatial distribution of university 
buildings, commercial facilities, and public amenities located near the campus. 
Consequently, many pedestrians choose the shortest walking routes, which do not 
always coincide with designated pedestrian facilities, thereby creating potential 
conflict points between pedestrians and motor vehicles. The field investigation also 
identified deficiencies in pedestrian connectivity, the positioning of pedestrian 
crossings, and the overall organisation of traffic, indicating the need for infrastruc
ture improvements that better reflect actual user behaviour. The results highlight 
the importance of incorporating observed pedestrian movement patterns into 
transport planning and infrastructure design. The proposed measures provide 
practical guidance for improving pedestrian safety and accessibility in university 
environments and may also serve as a basis for developing sustainable mobility 
solutions in other urban areas with similar spatial and traffic characteristics [3, 4].

Keywords: pedestrian behaviour; pedestrian safety; traffic infrastructure; university 
area; sustainable mobility; traffic survey
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Abstract

Pedestrians do not always use designated crossing facilities when these deviate 
from their preferred walking routes. Instead, they often select the shortest and most 
direct paths, commonly referred to as desire lines, despite the associated safety risks 
[1]. Previous studies have shown that pedestrian route choice is influenced by 
surrounding land use, the location of trip generators and the design of the transport 
environment [2]. This study investigates pedestrian desire lines in the University 
North campus area in Koprivnica, Croatia, focusing on Peteranska Road. The 
objective was to examine whether the existing pedestrian crossing corresponds to 
actual pedestrian movement patterns and to assess the implications of the 
observed behaviour for traffic safety. Previous research has highlighted the value of 
combining field observations with user surveys to provide evidence for improving 
pedestrian infrastructure and supporting safer mobility [3, 4].
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The research combined an assessment of the existing traffic infrastructure, five-day 
traffic counts, systematic observations of pedestrian crossing behaviour, and a 
questionnaire survey among students and other users of the study area. The results 
indicate that many pedestrians avoid the designated pedestrian crossing and 
instead follow informal routes that provide more direct access to key trip generators 
located opposite the university campus. This mismatch between the existing 
infrastructure and actual pedestrian movement patterns creates unnecessary conflict 
points between pedestrians and motor vehicles and reduces the effectiveness of 
the current crossing arrangement. The study also identified opportunities to improve 
pedestrian accessibility by adapting crossing facilities to actual movement patterns. 
The findings highlight the importance of integrating pedestrian desire lines into the 
planning and design of traffic infrastructure. Aligning pedestrian crossings with 
observed movement patterns can improve pedestrian safety, encourage the use of 
designated crossing facilities and contribute to more sustainable mobility planning 
in university environments and other urban areas with similar characteristics.

Keywords: pedestrian desire lines; pedestrian safety; traffic infrastructure; sustainable 
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Abstract

This research compares several studies on the environmental impact of the railway 
sector, with particular emphasis on night-train operations. It examines the economic 
challenges associated with their operation, including high fixed and operating costs 
and competition from more carbon-intensive transport modes such as aviation and 
road travel. Although night trains offer clear environmental advantages, their long-
term viability remains constrained in the absence of stronger policy support, 
structural reforms, and public investment. Transport is a carbon-intensive sector 
and a major contributor to global greenhouse gas (GHG) emissions. Air travel alone 
accounts for approximately 3.5% of the anthropogenic impact on the global climate 
[1], while the transport sector as a whole is responsible for approximately 25–30% of 
energy-related GHG emissions and represents a major source of noise and air 
pollution in urban areas [2]. Road transport is a particularly significant contributor to 
global climate change and local air-quality deterioration, accounting for more than 
70% of transport-related GHG emissions in the EU [3]. Recent attention has been 
given to the potential for shifting travel demand to trains, either through high-
speed or night trains, to reduce the carbon footprint of long-distance travel [4]. The 
European Commission designated 2021 as the European Year of Rail, with the aim of 
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promoting rail transport across Europe, and supporting, among other develop
ments, a revival of night-train services [5]. By choosing international train services 
instead of short-haul flights, travellers can reduce their carbon footprint by more 
than tenfold, with trains emitting an average of 25 g of CO2 equivalent per 
passenger-kilometre compared to 263 g for air travel [6]. Rail can produce green 
energy, considering that European rail is already largely “green” with approximately 
81% of train-kilometres in the EU powered by electricity [7], and many national 
operators (such as those in Sweden, Austria, and the Netherlands) use 100% 
renewable energy or emission-free hydropower to operate their fleets [8, 9]. Night 
trains may also contribute to the development of sustainable tourism, an 
economically important sector in many national economies [10]. Overall, night trains 
represent a viable and sustainable mode of transport, once the economic 
challenges are addressed.

Keywords: environment; railway; sustainability; emission reduction; night trains
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Abstract

The rapid growth of e-commerce, rising customer expectations, and increasing 
pressure to decarbonise urban freight transport have made last-mile delivery one of 
the most challenging segments of logistics systems. Traditional delivery models, 
largely based on dispersed home deliveries and conventional vehicle fleets, 
contribute to traffic congestion, greenhouse gas emissions, failed delivery attempts, 
and inefficient use of urban space. In response, last-mile delivery solutions have 
emerged as an important pathway towards more sustainable urban logistics [1]. 
Last-mile delivery solutions improve the environmental and operational perfor
mance of urban logistics systems. Particular attention is given to parcel lockers, urban 
micro-hubs, cargo bikes, electric delivery vehicles, and digital route optimisation 
tools [1, 2]. The last-mile solutions can significantly improve urban freight operations 
by reducing vehicle kilometres travelled, delivery-related emissions, and the number 
of failed deliveries, while also increasing flexibility and spatial efficiency. Parcel 
lockers and micro-hubs appear particularly relevant for dense urban environments, 
where delivery consolidation and alternative delivery modes can reduce pressure on 
city-centre transport systems. At the same time, cargo bikes, electric vehicles, and 
data-driven routing solutions contribute to lower emission and more adaptive 
delivery networks. However, their effectiveness depends on urban context, 
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infrastructure availability, regulatory support, and consumer acceptance [3]. The 
paper contributes to the growing discussion on sustainable urban logistics by 
providing a synthesised overview of last-mile delivery models and their relevance for 
the transition towards more resilient, low-emission, and service-oriented urban 
freight systems [4]. 

Keywords: last-mile delivery; urban logistics; sustainable freight transport; parcel 
lockers; micro-hubs; cargo bikes; route optimisation
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Abstract

Urban freight transport significantly influences traffic conditions, environmental 
sustainability, and the overall quality of life in city centres. Growing demand for 
goods distribution in urban areas has intensified the need for efficient delivery 
management and evidence-based planning tools. Microsimulation has emerged as 
a valuable methodology for analysing complex traffic systems because it enables 
the detailed representation of vehicle interactions and the evaluation of alternative 
logistics scenarios under realistic operating conditions [1]. This study investigates 
the application of traffic microsimulation to the assessment and optimisation of 
urban freight delivery flows [2] within the city centre of Rijeka, Croatia. The research 
was conducted using the PTV VISSIM microsimulation platform. Input data were 
obtained from traffic counts provided by Rijeka Promet d.d. and from surveys 
completed by freight carriers and business operators. Key parameters included 
delivery locations, delivery frequency, vehicle types, travel times, the duration of 
loading and unloading activities and the share of freight vehicles within total traffic 
flows [3]. The developed model was calibrated and validated using the Geoffrey E. 
Havers (GEH) statistical method, with GEH values remaining below the recom
mended threshold for more than 90% of observed traffic flows [4]. Four delivery 
scenarios were analysed: [1] the existing delivery system (status quo), [2] goods 
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delivery from a single urban consolidation centre located at the D404 entrance to 
the city centre, [3] delivery from two urban consolidation centres positioned on the 
eastern and western approaches to the city centre, and [4] a liveability scenario in 
which the Riva corridor was converted into a pedestrian-oriented zone with 
restricted vehicle access. Each scenario was simulated using twenty replications 
over an eleven-hour operating period to ensure the statistical reliability of the 
results. The findings confirm that traffic microsimulation is an effective decision-
support tool for evaluating urban freight transport policies and infrastructure 
measures. Furthermore, the results suggest that establishing a strategically located 
urban consolidation centre could improve freight distribution efficiency in Rijeka 
while reducing adverse environmental and traffic-related impacts. Future research 
should incorporate low-emission delivery vehicles, dynamic routing strategies, and 
real-time traffic management measures to further enhance the sustainability of 
urban logistics systems.
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Abstract

Historically, ports and cities evolved as closely connected systems, but industriali
zation and containerization led to their growing spatial and functional separation. 
More recently, this relationship has shifted toward reintegration through digita
lization, sustainable development, and collaborative governance, transforming ports 
from predominantly logistical facilities into multifunctional urban hubs that must 
balance economic growth, environmental sustainability, and community well-being 
[1–3]. This study conducts a literature review of port-city relationships based on the 
PRISMA 2020 framework [4], focusing on scientific papers published between 2020 
and 2025. After screening for relevance and accessibility, 29 papers were selected. 
VOSviewer was used to identify key research themes, and the literature was 
classified into five categories: physical-spatial, infrastructure-support, economic, 
management-social, and environmental. The findings indicate increasing methodo
logical diversification in port-city research, combining traditional quantitative 
approaches with qualitative and mixed-methods analyses that explore governance, 
stakeholder relations, and community values. Research is predominantly concentra
ted in Europe and China, while emerging studies increasingly address the distinct 
challenges of developing countries. The literature is dominated by management-
social themes, followed by infrastructure-support and economic issues, whereas 
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environmental and physical-spatial dimensions are increasingly incorporated 
through concepts such as the port cityscape and green port development. At the 
same time, the literature reveals a persistent tension between global demands for 
efficiency and throughput, and local demands for environmental quality and urban 
liveability. This study demonstrates a fundamental shift in the understanding of 
port-city relationships, from viewing ports as isolated logistics facilities to 
recognizing them as integral components of a broader port cityscape shaped by 
economic, social, and environmental interactions. A key finding is the growing 
importance of governance, stakeholder engagement, and the “social license to 
operate”, with community trust, procedural fairness, and quality of life increasingly 
regarded as prerequisites for sustainable port development. The review also identifies 
a lack of a comprehensive assessment framework for evaluating sustainability in 
port-city systems. Existing studies tend to research economic, environmental, and 
social dimensions independently, limiting comparability and hindering a holistic 
understanding of sustainable port-city development. Addressing this gap represents 
an important direction for future research and decision support in sustainable port 
planning. Ultimately, modern port cities are evolving toward a more balanced and 
inclusive model in which long-term success depends not only on cargo volumes but 
also on their capacity to reconcile economic growth with environmental and social 
objectives.

Keywords: port-city relationship; sustainable port development; green port; port 
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Abstract

Maritime shipping constitutes a global industry and remains the most economically 
efficient mode of transporting the majority of goods in international trade [1]. The 
movement of cargo by sea is primarily conducted through contracts of carriage, 
which enable the performance of international sales contracts by ensuring that 
sellers fulfil their obligation to deliver goods to buyers [2]. The effective functioning 
of this system depends on a coherent legal framework that regulates the rights and 
obligations arising from maritime transport while supporting legal certainty, 
commercial predictability, and operational efficiency [3]. This paper examines 
charterparty agreements and contracts for the carriage of individual consignments, 
representing the two principal contractual arrangements governing the maritime 
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transport of goods [4]. Through an integrated legal and economic approach, the 
paper investigates the distinguishing characteristics of these contractual models 
and evaluates their contribution to the development of maritime law and the 
efficiency of maritime transport systems [5]. Particular emphasis is placed on their 
implications for seaport organization and development, port operational efficiency, 
logistics management, and the ability of port infrastructure to respond to the 
evolving requirements of global supply chains and intermodal transport [6]. Rather 
than treating these contracts exclusively as legal instruments, the paper examines 
them as complex legal and economic mechanisms that influence the operational 
performance and strategic development of the port sector [7]. Their legal structure 
directly affects cargo flow organization, utilization of port facilities, and the competi
tiveness of seaports within international maritime markets [8]. By developing a 
comparative analytical framework for evaluating the legal and functional characte
ristics of these contractual models, the research contributes to a deeper 
understanding of their practical application in relation to different cargo categories, 
transport organization methods, and the requirements of contemporary logistics 
networks. The findings highlight the importance of integrating legal, economic, and 
operational perspectives in strengthening the efficiency, resilience, and sustaina
bility of maritime transport systems and supporting the long-term development 
strategies of seaports.
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Abstract

The maritime sector faces increasing pressure to reduce greenhouse gas emissions 
while maintaining the operational requirements of long-distance shipping. In this 
context, nuclear propulsion has a potential as a long-term solution for achieving 
near-zero operational emissions in merchant shipping [1]. This study reviews the 
potential application of nuclear propulsion in commercial maritime transport, with 
emphasis on currently available conventional reactor technologies, such as 
Pressurized Water Reactors (PWRs), and selected advanced Generation IV concepts 
[2]. The review suggests that advanced reactor concepts offer significant advantages 
for long-range maritime transport through high energy density, extended refuelling 
intervals, and low operational emissions [3]. However, widespread implementation 
remains dependent on regulatory harmonization, economic viability, and public 
acceptance. Nuclear propulsion should therefore be regarded as a promising long-
term option within the broader transition toward sustainable maritime transport 
rather than as a near-term replacement for conventional marine fuels [4, 5].

Keywords: maritime decarbonization; nuclear propulsion: merchant ships: Generation 
IV reactors; sustainable shipping
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Abstract

This paper explores the practical role of the environmental officer in translating 
regulatory requirements into effective shipboard environmental compliance [7, 10]. 
In the cruise industry, environmental performance is shaped not only by formal 
compliance frameworks such as MARPOL and ISO 14001 [10], but also by the daily 
realities of shipboard operations [1, 7, 13]. This requires significant effort in coordi
nation with port authorities, vendors, and multiple onboard departments [2, 13]. 
Recent literature on cruise sustainability emphasizes that performance depends on 
operational coordination, stakeholder alignment, and the implementation of 
sustainability practices in complex maritime settings [3, 7, 12, 13]. Drawing on 
professional experience in cruise ship environmental management, the paper 
examines how environmental standards are implemented under challenging 
operational constraints [4, 5]. It focuses on tasks such as waste segregation, record 
verification, audit readiness, incident follow up, and data management [6, 8, 10, 15]. 
These responsibilities require continuous attention despite limitations in time, 
space, and infrastructure [5, 13, 14]. Studies of cruise environmental governance 
further highlight that effective control depends on traceability, practical checks, and 
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the capacity to manage environmental impacts consistently across different 
operational contexts [9, 13]. The paper argues that the environmental officer serves 
as a key intermediary between regulatory expectations and shipboard execution  
[4, 7]. Rather than functioning solely as a compliance checker, the role encompasses 
coordination, training, and verification of environmental management systems 
across departments [11]. This perspective aligns with broader research on sustainable 
maritime operations, which indicates that sustainability improves when operational 
knowledge is captured and translated into workable routines [1]. By focusing on the 
operational function, the paper also contributes to current discussions on 
sustainable cruise ship operations [4, 13]. 

Keywords: environmental compliance; sustainable cruise ship operation; environ
mental management system; port; environmental officer 
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Abstract

Maintaining marine environmental quality and balancing tourism, maritime, and 
environmental interests are essential for the sustainable development of nautical 
tourism, a significant segment of the tourism industry [1, 2]. The growing number of 
vessels involved in nautical activities places increasing pressure on the marine 
environment, particularly in coastal areas, where the risk of pollution from sanitary 
blackwater is rising [3]. The extent of environmental pressure is closely related to 
vessel traffic intensity and the volume of blackwater generated [4]. The aim of this 
study was to analyse the environmental pressure of nautical anchorages, with 
particular emphasis on blackwater stored in vessel holding tanks. The analysis 
considers the availability of blackwater reception facilities at anchorages, the 
holding tank capacity of 14.6 m vessels, which was used to estimate the environ
mental pressure and corresponds to the design capacities of the analysed 
anchorages, as well as spatial indicators of anchorage use intensity. The study was 
conducted in Zadar County using a quantitative descriptive approach and spatial 

*	 Corresponding/presenting author

PART IV.2 ● Maritime Sustainability, Ports and 
Professional Practice



160 3rd International Conference on Sustainable Transport

analysis. Data were obtained from concession agreements, technical documentation, 
and waste management plans. Based on the collected data, an analytical approach 
was developed to link holding tank capacities with environmental pressure at 
anchorages. The results show that none of the analysed anchorages is equipped 
with a blackwater reception system. The limited holding tank capacity of smaller 
vessels increases the likelihood that tanks will reach full capacity during the vessel’s 
stay at an anchorage, thereby increasing the risk of blackwater discharge into the 
sea. Spatial analysis also revealed uneven vessel density and varying levels of environ
mental pressure among anchorages, indicating an increased risk of pollution. In 
conclusion, the establishment of a blackwater reception system is a key prerequisite 
for the sustainable management of nautical anchorages. The proposed analytical 
approach enables the identification of locations exposed to greater environmental 
pressure and can support the planning of marine environmental protection 
measures and improvements in anchorage management.

Keywords: nautical anchorages; blackwater; environmental pressure; spatial 
analysis; sustainable management; marine environment
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Abstract

This paper analyzes the contemporary development and application of sensor 
fusion technologies that integrate electro-optical and advanced radar systems in 
the maintenance of national security and the support of civil institutions. In 
conditions characterized by evolving and increasingly complex security threats, as 
well as the growing need for comprehensive monitoring of maritime, terrestrial, and 
aerial domains, the integration of advanced technologies has become essential for 
the development of effective situational awareness [1]. Particular emphasis is placed 
on the use of electro-optical sensors in combination with advanced radar sensing 
technologies to enhance the precision and speed of threat detection, especially 
under challenging operational conditions and in environments with reduced 
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visibility. The objective of this study is to provide an overview of the operational 
principles of newly developed systems and to analyze their effectiveness in 
improving surveillance and security infrastructures [2]. Examples of such systems 
include architectures based on the Internet of Things (IoT) and 5G/6G connectivity, 
which enable the networking of all available assets and sensors within a given 
operational area such as vehicles, infrastructure, unmanned aerial systems (UAS), 
maritime platforms, and other monitoring devices into a unified operational picture 
accessible to multiple services and agencies in the field [3]. These systems 
frequently operate on the principle of thermal signature detection, enabling 
efficient identification and tracking of vehicles, vessels, aircraft, and individuals for 
example in search and rescue (SAR) operations or border surveillance, as well as the 
detection of fires, smoke, and other anomalous events [4]. The study will conduct a 
comparative analysis of existing technological solutions and examine practical case 
studies related to their implementation. Furthermore, the paper will conceptually 
assess the potential trajectories of their future technological advancement. In 
conclusion, advanced sensor fusion systems represent a significant advancement in 
the development of integrated situational awareness and in enhancing the 
efficiency of responses to security threats and incidents. They also provide 
opportunities for strengthening the resilience of national security systems through 
their integration into a comprehensive information awareness and decision-support 
framework.

Keywords: sensor fusion; national security; integrated systems; search and rescue
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Abstract

The increasing use of UAVs in delivery logistics creates the need for a structured 
assessment of mission feasibility in digitally managed low-altitude airspace. Large-
scale low-altitude UAV operations require traffic-management support because 
they may involve deliveries, BVLOS missions and operations in airspace affected by 
static and dynamic constraints [1]. The European U-space framework defines 
mandatory services for UAS operations in U-space airspace, including network 
identification, geo-awareness, UAS flight authorisation and traffic information. It 
also allows weather information and conformance monitoring to become 
mandatory where required by the airspace risk assessment [2]. For UAV delivery 
missions, feasibility is affected by payload constraints, available energy autonomy 
and wind-dependent energy consumption [3]. Communication requirements are 
also part of the operational assessment because 3GPP support for UAS includes C2 
communication, remote identification, route-data exchange, route modification 
and latency requirements [4]. This paper develops a technical-operational frame
work for assessing the feasibility of UAV delivery missions in the UTM/U-space 
environment. The framework connects aircraft range, payload requirements, energy 
reserve, communication reliability and U-space constraints into a structured 
assessment of delivery scenarios. The proposed approach distinguishes missions 
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that are technically feasible, operationally acceptable and logistically justified from 
missions limited by energy consumption, communication performance, traffic-
management requirements or infrastructure constraints. The paper provides a 
planning-oriented basis for future evaluation of UAV delivery in rural and island 
areas.

Keywords: UAV delivery; UTM; U-space; delivery logistics; C2 communication; mission 
feasibility
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Abstract

Wind-Assisted Propulsion Systems (WAPS) are considered promising technologies 
for improving energy efficiency and reducing greenhouse gas emissions in line with 
the International Maritime Organization (IMO) decarbonisation and energy-
efficiency initiatives, including the Energy Efficiency Design Index (EEDI) and the 
Energy Efficiency Existing Ship Index (EEXI) [1–3]. Technologies such as wing sails, 
rotor sails, suction sails and kite sails are emerging as commercially viable solutions 
[2, 3]. However, the implementation of such systems presents operational, technical 
and navigational challenges that are not yet specifically addressed within the 
existing International Convention on Standards of Training, Certification and Watch
keeping for Seafarers (STCW) framework [4, 5]. This paper presents a qualitative 
review of relevant IMO regulations and conventions, including EEDI, EEXI, SEEMP, 
STCW and COLREGs [1, 4, 6], to analyse the implications of WAPS deployment for 
maritime training and navigational safety. It also discusses the principal WAPS 
technologies and their influence on ship operation and manoeuvrability [2, 10, 11] 
and reviews the ECDIS training scheme as a possible model for the development of 
future WAPS-related competencies [7, 8]. The analysis identifies essential competency 
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requirements for deck, engineering and electro-technical officers, including 
knowledge of aerodynamic principles, automated control systems, maintenance 
procedures and emergency response [5, 9]. Furthermore, forces generated by WAPS 
may affect leeway, manoeuvrability, stopping distances and collision-avoidance 
decisions, highlighting the need for further research on the practical application of 
COLREG provisions in certain operational scenarios [10, 11]. The paper proposes a role-
based approach to WAPS training and supports the ongoing discussion on the safe 
integration of wind-assisted propulsion technologies into maritime operations, 
education and regulations.

Keywords: Wind-Assisted Propulsion Systems (WAPS); maritime education and 
training; STCW; COLREGs; ship handling
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Summary

The main objective of the DigiMar project is to enhance the safety of navigation, as 
measured by statistically significant improvements in maritime communication 
skills before and after the implementation of the digital pilot study among shore 
service operators and higher education students. The project’s objectives include 
the development of open-access instructional videos and speech-recognition 
chatbots to support continuous and self-directed learning. In addition to the studies 
conducted and the results generated throughout the project, the development, 
deployment, and evaluation of these open-access digital education tools are 
expected to strengthen the capacity and readiness of the participating institutions 
to effectively manage the transition towards digital education and, ultimately, 
improve the safety of navigation. Based on the project results achieved through the 
implementation of five comprehensive work packages, specific recommendations 
will be submitted to the competent authorities to support potential improvements 
to the standard protocols for routine maritime communication.

Project partners: University of Ljubljana, The Faculty of Maritime Studies and 
Transport, Slovenia; University of Rijeka, Faculty of Maritime Studies, Croatia; 
Yrkeshögskolan vid Åbo Akademi, Finlad; University of Montenegro, Faculty of 
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Maritime Studies Kotor, Montenegro; Chalmers Tekniska Hoegskola AB, Sweden; 
Administration for Maritime Safety and Port Management, Montenegro; Swedish 
Maritime Administration; Norwegian Coastal Administration; Ministry of Infra
structure, Slovenian Maritime Administration; Fintraffic Vessel Traffic Services, 
Finland 

Project links: https://digimar.si/
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Summary

Multimedia interactive simulation systems (MISS) in the maritime sector are a key 
component in the development of safe, efficient and sustainable maritime operations 
in maintaining ship systems and improving operations to transport cargo and 
passengers safely and efficiently. By applying virtual (VR), augmented (AR), mixed 
(MR) and extended (XR) reality, they enable the creation of an interactive fully 
immersive computer-generated digital environment in which various types of 
interactions with virtual and real objects, both in the virtual and physical world are 
possible.

The proposed project contributes to scientific excellence and cooperation with the 
maritime industry, and establishes a unique interdisciplinary research laboratory. 
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Furthermore, the innovativeness of the project is reflected in the development of 
two pilots:

3D VR/MR/XR model of the system for monitoring the location and condition of 
refrigerated container parameters with M2M communication enabled to improve 
maintenance processes and procedures as well as additional training of technical 
staff. Remote support for ship system maintenance using mixed reality and large 
language models (LLM) allows technicians to be guided through specific tasks, 
increasing their speed and efficiency, improving system response time and 
extending the lifecycle of equipment. The use of artificial intelligence (AI) and 3D 
modelling (VR), ensures even better condition-based or predictive maintenance.

3D VR/AR model of a computer-generated ship ballast system that provides the 
ability to examine the performance of the system as a whole and individual system 
segments by monitoring the state of parameters with constant monitoring and 
preventive and corrective maintenance. VR provides the opportunity to compare 
and analyse the application of conventional and modern methods of measuring 
tank liquid levels under controlled conditions, which allows for better evaluation 
and improvement of the measurement process itself

Project links: https://portal.uniri.hr/ProjektiPU2025/Details/0305?up=true
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of Modular Solutions for the Complex Electronic 
Navigation Environment 
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Summary

Maritime navigation on vessels subject to the International Convention for the 
Safety of Life at Sea (SOLAS) increasingly relies on the Electronic Chart Display and 
Information System (ECDIS) as a primary navigational tool, and on Global Navigation 
Satellite Systems (GNSS) as the main shipborne positioning source. In such an 
environment, safe navigation depends on the reliability, continuity, and correct 
operational interpretation of position information. The project investigates dynamic 
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influences affecting GNSS performance, with particular attention to position 
reliability and degraded positioning conditions. The research considers the GNSS 
operational environment, the way in which the physical maritime environment is 
represented on electronic navigational charts, and GNSS-dependent maritime 
information services (e.g. Automatic Identification System (AIS) derived vessel 
position data). It examines satellite geometry, signal propagation, local environ
mental effects, interference, traffic-related spatial patterns, and other sources of 
positioning degradation and uncertainty. The main objective is to establish a 
scientifically grounded basis for identifying, categorising, and visualising navigational 
risk zones as additional, modular risk-information layers. These layers would support 
the interpretation of positioning reliability in relation to the surrounding 
navigational and traffic context and assist Officers of the Navigational Watch (OOW) 
in making more informed decisions. The project contributes to GNSS performance 
analysis in maritime conditions and supports improved situational awareness, 
timely route and navigation adjustments, as well as safer and more efficient maritime 
navigation through advanced navigational information systems.

Project partners: University of Rijeka, Faculty of Maritime Studies; University of Split, 
Faculty of Maritime Studies; University of Dubrovnik, Faculty of Maritime Studies, 
Croatia

Project link: https://portal.uniri.hr/ProjektiPU2025/Details/0221 
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Summary

The ARES-GNSS project aims to develop a high-accuracy augmentation positioning 
system for Unmanned Aerial Vehicles (UAVs) by fusing Global Navigation Satellite 
Systems (GNSS) with Ultra-wideband (UWB) localization technology. Because GNSS 
signals are frequently degraded or blocked in indoor and occluded environments, 
this research focuses on enhancing UAV navigation efficiency in signal-constrained 
areas and achieving the precision required for tight-formation swarm flights. This will 
be accomplished through the (non)linear data fusion of absolute GNSS coordinates 
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and relative UWB transceiver positioning, with validation planned for both indoor 
and outdoor laboratory tests.

Additionally, the project addresses the critical issue of GNSS resilience against 
jamming and spoofing, which threatens positioning and timing accuracy across 
multiple industries. Utilizing Software-Defined Radio (SDR) receivers, the research 
will analyse the impact of malicious signal interference on commercial, amateur, 
and professional receivers. The ultimate goal is to design and implement effective 
mitigation strategies that prevent inaccurate localization solutions from commercial, 
amateur, and professional receivers.

Project partners: University of Rijeka, Faculty of Maritime Studies; University of 
Zagreb, Faculty of Geodesy, Croatia; University of Ljubljana, Faculty of Maritime 
Studies and Transport, Slovenia

Project link: https://www.fpz.unizg.hr/assets/media/projects/ares-gnss.html 
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Response Using Advanced Deep Learning 
Methods 

Nikola Lopac
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E-mail: nikola.lopac@pfri.uniri.hr

Summary

Reliable knowledge of sea conditions is fundamental to safe and efficient maritime 
operations. It supports safer navigation, lower fuel consumption, improved route 
planning, and the continued development of autonomous ship systems. However, 
conventional wave measurement technologies, including satellite and radar 
systems and wave buoys, remain constrained by high costs, complex infrastructure, 
and limited spatial and temporal resolution. These limitations have encouraged 
growing interest in ship-based sea state estimation, in which wave conditions are 
inferred from vessel motions already recorded during routine operation. Such an 
approach enables local and continuous assessment without requiring additional 
specialized measurement equipment. This project focuses on the development of a 
deep learning-based method for estimating sea state and individual wave para
meters from ship responses to wave excitation. The research will combine simulated 
data generated through numerical models with real-world data obtained during 
operational navigation. The data will be processed and integrated into a represen
tative dataset intended for the development and evaluation of the proposed model. 
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State-of-the-art neural network architectures and advanced data pre-processing 
techniques will be applied to investigate two complementary tasks: sea state 
classification and estimation of individual wave parameters. Special attention will be 
given to transfer learning across different vessel types and operational conditions, 
with the aim of improving the robustness and generalization capability of the 
developed model. By combining ocean engineering, signal processing, and artificial 
intelligence, the project seeks to establish a reliable and accurate computational 
approach to sea state estimation. Its results are expected to provide a basis for 
future maritime industry applications and for further scientific development in 
maritime and intelligent systems. In the longer term, the project may contribute to 
safer navigation and more efficient vessel operation in response to the increasing 
digitalization and autonomy of maritime transport.

Project partners: University of Rijeka, Faculty of Maritime Studies, Croatia

Project link: https://portal.uniri.hr/ProjectsPU2025/details/0308?up=true 
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Summary

The project is focused on enhancing maritime transport through the implementation 
of innovative digital technologies, smart energy management systems and the use 
of alternative fuels. In this context, the research of digital technologies in port 
process management and shipping will enable the development of new business 
models in the maritime sector, with their application encompassing a wide range of 
innovations. Key components include the use of artificial intelligence, blockchain, 
the Internet of Things (IoT), advanced analytics, and autonomous systems for 
container traffic management, as well as the development of platforms for route 
optimization. This will result in faster and more efficient cargo handling, reduced 
congestion in ports, and significant improvements in energy efficiency. Particular 
emphasis is placed on the exploration of sustainable fuels such as hydrogen, 
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funded by the European Union – NextGenerationEU through the Recovery and 
Resilience Facility (RRF)
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ammonia, and LNG, in line with European decarbonization and environmental 
protection goals. 

The project contributes to raising the scientific excellence of the Faculty through 
research and the implementation of digital and green technologies in the maritime 
sector, thereby increasing its international recognition and academic reputation. At 
the same time, it strengthens cooperation with industry by developing innovative 
solutions for optimizing logistics operations, attracting investments, and improving 
the competitiveness of Croatian and European ports. Students will have the 
opportunity to learn about the latest technologies and trends, while the project 
results will serve as examples of best practices for port concessionaires in the region 
and beyond, encouraging the broader adoption of green technologies and strategies 
for reducing the ecological footprint.

Project partners: University of Rijeka, Faculty of Maritime Studies, Croatia; Institute 
of Shipping Economics and Logistics, Germany

Project link: https://portal.uniri.hr/ProjektiPU2025/Details/020
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Summary

Maritime container transport is crucial for global trade, but it faces a number of 
optimization challenges. In this context, digital transformation and advanced 
optimization techniques have become essential for overcoming these challenges. 
This project focuses on increasing the energy efficiency of metaheuristic algorithms 
that will be used to optimize logistics problems in container transport, with particular 
emphasis on the role of pseudo-random number generators in these algorithms. 
The pseudo-random number generator is crucial for the successful application of 
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metaheuristic algorithms as it significantly impacts the behaviour, efficiency, and 
quality of solutions. Although its role is often overlooked, selecting the right generator 
can significantly reduce energy consumption while improving optimization 
performance. Within this project, energy-efficient metaheuristics will be developed 
and applied, which not only enable the finding of high-quality solutions for specific 
logistics problems but also reduce energy consumption during the optimization 
process without compromising solution quality. These energy-efficient algorithms 
will be applied to specific logistics challenges in the maritime sector, such as berth 
allocation, quay crane assignment, container placement at terminals and on ships, 
and determining the optimal ship size for transport on a given route. With the goal 
of optimizing all stages of container transport, these algorithms improve efficiency, 
reduce costs and resource consumption, ultimately contributing to sustainability. 
The project will evaluate the proposed solutions with an emphasis on analysing the 
energy efficiency of metaheuristics and their success in solving specific logistics 
problems. A significant advantage of this research is its broader applicability. These 
algorithms can be used for various optimization problems in the real world across 
different industries, enabling more energy-efficient and sustainable solutions 
beyond the maritime sector.

Project partners: University of Rijeka, Faculty of Maritime Studies; University of 
Zadar, Maritime Department; University of Dubrovnik, Faculty of Maritime Studies, 
Croatia

Project links: https://portal.uniri.hr/ProjektiPU2025/Details/0239

Acknowledgement: Funded by the European Union – NextGenerationEU – E-MOTION 
- uniri-iz-25-156

Name of the Programme: Croatian National Recovery and Resilience Plan 2021–2026, 
funded by the European Union – NextGenerationEU through the Recovery and 
Resilience Facility (RRF)

Programme priority: Component C3.2 – Boosting Research and Innovation Capacity

Programme specific objectives/mission: To improve the system of institutional 
funding for universities and research institutes, increase the quality and relevance of 
research results, strengthen scientific productivity and research capacity, and enhance 
knowledge transfer and the impact of research on the economy and society.

Call: Call for Funding Institutional Research Projects of the University of Rijeka financed 
from Source 581 – Recovery and Resilience Facility

Project ID and acronym: uniri-iz-25-156, E-MOTION
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Summary

Modern urban delivery systems face numerous challenges, including growing 
demand for timely deliveries, traffic congestion, increased harmful emissions, and 
stricter environmental standards. This project aims to explore and develop inno
vative solutions for optimizing delivery activities in urban areas using simulation 
tools. The goal is to understand the dynamics of existing delivery flows, identify 
key issues, and propose sustainable models that meet the needs of all stake
holders – from transporters and businesses to urban planners and residents. 
Through simulations in specialized software tools, the project will analyse different 
delivery scenarios, including the use of consolidation centres, electric vehicles, and 
the reorganization of delivery routes. 

The focus will be on reducing negative environmental impacts and increasing the 
efficiency of logistics processes. The project also includes collaboration with 
stakeholders to ensure the application of multi-criteria decision-making methods 
that consider economic, ecological, and social aspects. 
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The research results are expected to provide concrete guidelines for improving 
urban logistics through the integration of modern technologies and sustainable 
practices. This will not only improve the quality of life in urban areas but also lay 
the foundation for further development of scientific methods in the field of 
simulation and optimization of logistics systems.

Project links: https://portal.uniri.hr/ProjektiPU2025/Details/0357?up=true 

Acknowledgement: Funded by the European Union – NextGenerationEU – OPUS - 
uniri-mz-25-58

Name of the Programme: Recovery and Resilience Facility (RRF), NextGenerationEU

Programme priority: Research and innovation capacity under RRF

Programme specific objectives/mission: The main objective of the project is to 
develop simulation models for the analysis and optimization of delivery activities in 
urban areas, with the aim of improving the efficiency of logistics processes and 
reducing their negative environmental impacts.

Call: University of Rijeka Institutional Research Projects 2025–2029/RRF

Project ID and acronym: uniri-mz-25-58, OPUS

https://portal.uniri.hr/ProjektiPU2025/Details/0357?up=true




The Scale of Inquiry
From people and operational units to networks, systems and policy

SuTra 2026 contributions operate at markedly different analytical levels. Some focus on individual behaviour or specific
vessels and operational units, while others examine infrastructure, territorial networks, transport systems and governance.
Each dot represents one conference contribution.

LEVELS
OF INQUIRY

Inner to outer: broader analytical framing

People & behaviour 13

Vehicles & operational units 9

Facilities & infrastructure 8

Networks & territories 10

Systems, governance & policy 20

Editorial classification: one primary analytical level is assigned to each contribution. The categories indicate the dominant level of inquiry rather
than every level addressed.

60 CONTRIBUTIONS



60 CONTRIBUTIONS

The Intellectual Landscape
Challenges, research approaches and intended impact

The connections that emerge across the conference’s core thematic domains reveal an interconnected field of shared
challenges, research approaches and intended impacts. Recurring concerns, including safety, resilience, decarbonisation, digital
transformation and human factors, cut across transport modes and research areas and are addressed through different
analytical, technological and conceptual approaches. Their convergence towards broader outcomes highlights both the
interdisciplinary character of the conference and the connections that extend beyond individual thematic sections. The
mapping represents an editorial synthesis of the 60 conference contributions, with each contribution assigned a primary
pathway while recognising that many span several domains, approaches and intended impacts.

HOW TO READ

Numbers indicate contributions per category. Each block accounts for all 60 contributions.
Thicker links indicate a larger number of shared contributions.
Approaches are repeated to connect the two blocks.

01  CHALLENGES APPROACHES
What is being addressed? How is it investigated?

Digital transformation 9

Safety & risk 6
Resilience & critical
infrastructure 2
Human factors &
competence 5
Decarbonisation &
energy transition 4

Environmental pressures 8

Infrastructure & capacity 5

Mobility & accessibility 7
Logistics & supply-chain
complexity 10
Governance, standards
& regulation 4

AI & machine learning 4

Modelling & simulation 5

Optimisation 2

Measurement & sensing 4
Data analytics &
case studies 18
Surveys & behavioural
research 6
Framework & method
development 6
Policy & regulatory
analysis 1
Literature & conceptual
synthesis 6
Conceptual &
professional analysis 8

02  APPROACHES INTENDED IMPACT
Same categories as above Link colour identifies the impact

AI & machine learning 4

Modelling & simulation 5

Optimisation 2

Measurement & sensing 4

Data analytics &
case studies 18

Surveys & behavioural
research 6

Framework & method
development 6

Policy & regulatory
analysis 1

Literature & conceptual
synthesis 6

Conceptual &
professional analysis 8

Safer 7

Cleaner 6

Smarter 9

More resilient 6

More efficient 12

Better connected 8

More human-centred 5

Better governed 7

CROSS-CUTTING CONCEPTS Top 8 | multiple concepts per contribution

DATA 39 SYSTEMS 25 TRANSITION 24 HUMAN 16

SAFETY 11 AI 8 ENERGY 6 RESILIENCE 6
Editorial classification: one primary category is assigned at each stage.
Intended impacts represent analytical orientation, not measured outcomes.
Scope: source IDs 1–60. Invited lectures, panels and project summaries are excluded.
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