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A MULTILEVEL ANALYSIS OF STRATEGIC DISRUPTION AND LOGISTICAL
COMPLEXITY IN THE MARITIME DOMAIN

Abstract. The article presents a systematic approach to analyzing the current challenges facing
maritime logistics in the context of increasing global turbulence, rising costs, digitalization, and a changing
regulatory landscape. The authors provide a comprehensive analysis of the factors that reduce the efficiency
and sustainability of supply chains based on a synthesis of international reports (IMO, UNCTAD, OECD),
expert surveys, and structural modeling. A methodology for visual risk analysis in four key categories is
proposed: economic (rising costs of fuel, freight, insurance), information (fragmentation or lack of digital
transparency), technical and operational (complication of ship nominations and routing), and regulatory
(tightening of international and national regulatory requirements). For each of these categories, we have
developed visualized conceptual approaches that allow us to identify systemic risk nodes, assess scenarios of
their spread in the logistics chain, and formulate adaptive response mechanisms at the level of operators and
transport policy.

The proposed approach is focused on integration into strategic planning processes under conditions of
high uncertainty and can be used as a decision support tool. The results obtained are of practical value for the
implementation of effective principles in the field of sustainable transport development.

Keywords: maritime logistics, economic efficiency, maritime transport, investment, demurrage,
sustainable development, ship nomination, regulatory compliance, safety of transportation, data analytics,
logistics transformation, port management, transport services, strategic planning, supply chain, green
shipping, maritime cluster, integrated management, port infrastructure, fleet operation, merchant shipping,
transport development, cargo carriage.
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BATATOPIBHEBUM AHAJII3 CTPATEITYHHX 3MIH TA JIOT'ICTUYHOI
HEBU3HAYEHHOCTI B MOPCBHKIM I'AJTY3I

Anomauisa. Y cmamminpedcmaegieno cucmemHuti nioxio 00 aHanizy akmyaibHUX 8UKIUKIE, o NOCMams
neped MOPCbKOI JNI02ICMUKOI0 8 YMOBAX NOCUNEHHA 2100aNbHOI mypOyIeHmHOCMI, 3POCMAHHA 8UMpPam,
PO3BUMKY THPOPMAYTUHUX MEXHONO02TU MA 3MIHU Pe2yNIAMOPHO20 Janouagdmy. 30iticHeH0 KOMIIeKCHUL AHATT3
YUHHUKIB, SKI 3HUJICYIOMb eeKMUBHICMb ma CMIUKICMb J02ICMUYHUX JIAHYI02I8, OA3VI0UUCL HA CUHMe3]
midcuapoornux 36imie (IMO, UNCTAD, OECD), excnepmio2o onumy8ants ma cmpykKmypHo20 MOOe08aHHsL.
3anpononosano memooonoziio ananizy pusuKie y Yomupbox Kiouo8ux Kame2opiax: eKOHOMIYHIU (3p0CmAanHs
sumpam Ha NAIeo, paxm, CMpaxyeawus), iHGopmayitniu (ppacmenmosanicms abo GIOCYMHICHb
eleKMPOHHOI NPO30POCMI), MexHiKo-onepayiunit (YcK1aOHeHHs HOMIHayil | mapwpymuzayii cyoew), ma
HOpMamueHil (NOCULeHH MIZHCHAPOOHUX [ HAYIOHANbHUX Pe2YISIMOPHUX 8UMO2). [ KOJHCHOI 3 Yux Kame2opill
PO3po0ONeHO | 8i3YANI3086AHO KOHYENMYAIbHI NiOX00U, WO 003601810Mb [OeHMUPDIKY8AmMu CUCMeMHI 8Y3lu
PUBUKY, OYIHIOBAMU CYEHApIi iX NOUUPEeHHsL 8 T102ICMUYHOMY TAHYI03] ma hopmyeamu a0anmueHi MexaHizmu
peazysanusi Ha PIGHI onepamopié i MpaHCnOPMHOI NOXIMUKY. 3anponoHosaHutl nioxio opienmo8anull Ha
iHmezpayito 8 npoyecu cmpameiuHo20 NIAHYBAHHA 8 YMOBAX BUCOKOI He8U3HAYeHOCmi ma Mmodice Oymu
BUKOPUCMAHUU K THCIPYMEHm RIOMPUMKU NPULHAMMSA piuteHb. Ompumani pe3yismamu Mams nPaKmuyHy
YIHHICMb 07151 BNPOBAONCEHHS eheKMUBHUX NPUHYUNIB Y chepi CMaoco pO36UMKY MPAHCNOPY.

Kniouogi cnosa: mopcvra noz2icmuxa, eKOHOMIUHA eeKmusHicmb, MOPCLKULL MPAHCNOPM, IH8eCmuyii,
demepeoddic, Cmanuti po3eUmoK, paxmyeants cyoeH, HOpMAmMuUGHi UMO2U, MOPCLKI nepese3ents, aHalimuKka
oanux, mpaucopmayis 102iCmuKu, YNpasiiHHa NOpmMamu, Mpancnopmui nociy2u, cmpameiune niaHy8aHHs,
JIGHYIOHCOK NOCMABOK, 3eleHe CYOHONIA8CMB0, MOPCbKULl Klacmep, iHmezposaHe YNPAGLiHHA, NOPMO6d
iHppacmpykmypa, excnayamayis ¢aromy, mopeosenvHull rom, pOo3GUMOK MPAHCNOPMY, BAHMANCHI
nepege3eHusl.

Formulation of the problem. Maritime transport and logistics play a key role in global trade and
global freight turnover and are the true foundation of the global economy. However, the modern maritime
transportation system faces a number of challenges that make it difficult to effectively manage supply chains.
Among the industry’s most critical issues are persistent cost pressures, limited transparency of operations,
complexity of ship nomination processes, and ever-changing regulatory requirements related to environmental
responsibility and stakeholder expectations.

Analysis of recent research and publications. Modern maritime transportation systems operate in
a complex, multi-level environment where strategic disruption and logistical complexity are increasingly
becoming the determinants of performance. There is a growing interest in the relationship between digital
transformation, environmental responsibility, risk resilience, and logistics continuity. A review of the
literature allows us to trace the scientific evolution of approaches to modeling logistics challenges, assessing
sustainability, analyzing technological maturity, and developing multi-level adaptation mechanisms in the
maritime domain.

For example, [1] proposed a theoretical framework for assessing the sustainability of maritime logistics,
taking into account indicators and methodology. The authors of [2] developed a three-tiered digital maturity
model for the introduction of blockchain in the maritime industry. In [3], they focused on the challenges of
achieving zero emissions in ports, highlighting political and infrastructure barriers. Article [4] examines the
potential of hydrogen energy in ports on the example of New York and New Jersey.

The authors of [5] presented a blockchain solution to solve logistics problems in supply chains. In
[6], they emphasized the threats of maritime terrorism as a factor in the strategic destabilization of logistics
processes. Research paper [7] introduced an intelligent logistics model with knowledge graphs and Al agents
to optimize mooring, [8] reviewed the use of machine learning in maritime risk assessment.

In [9], a correlation analysis of risk factors in automated container terminals was performed using a
sustainability approach. Source [10] investigates the impact of environmentally oriented supplier management
on value creation in maritime transport. In [11], a model for predicting changes in the seaworthiness of a ship
under the influence of various factors is proposed. Paper [12] highlights the concept of renewable energy in
shipping as a strategic response to environmental challenges, and [13] develops a method for assessing the
quality of risk management of ship operations based on an expert approach. Works [14][15] revealed the
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regulatory and service aspects of customs logistics, which are important for reducing logistical complications,
and [16] proposed an improved algorithm for interaction during customs and logistics services for cargo. In
[17], the Agile model was adapted to the management of project-oriented transport companies in conditions of
instability, and [ 18] presents the concept of the dynamics of the energy entropy of organizations, which allows
modeling adaptability in logistics systems.

Given the growing complexity of maritime operations, the lack of a single integrated information base
makes it impossible to make prompt management decisions. Ineffective interaction between supply chain
participants, outdated IT systems and fragmented display of logistics processes lead to delays, financial losses
and increased risks. Particular attention is drawn to the problems associated with compliance with IMO
decarbonization regulations and emissions monitoring requirements, which require the introduction of new
generation digital solutions.

The purposes of the article. The purpose of this paper is to provide a comprehensive analysis of current
challenges in the field of maritime transport and logistics, followed by visual modeling of key issues based on
thematic categories: costs, transparency, ship nomination, and regulatory restrictions. The proposed approach
combines a structured description of current issues with the construction of graphical models that allow for the
presentation of the relationships between factors in an easy-to-understand manner. This ensures both scientific
novelty and practical value of the results for developers of solutions in the field of maritime logistics systems
management.

Research methodology. The study uses a combination of qualitative analysis of industry challenges and
a visual analytics approach aimed at systematizing key problems in the functioning of maritime logistics. The
main goal of the methodology is to build a generalized visual profile of the challenges that have the greatest
impact on the efficiency and sustainability of logistics processes in maritime transport.

The analysis is based on four critical categories of challenges identified through a literature review,
technical industry reports, and recommendations from key international organizations (IMO, BIMCO,
UNCTAD). For each category (rising costs, lack of transparency, complexity of nominations, regulatory
requirements), we identified the impact factors, implications for logistics processes, and possible areas of
response.

Data Sources and Expert Assessment. The information base of the study was formed by the following
sources:

- reports of international organizations (IMO, OECD, UNCTAD);

- industry analytical reports of shipping companies and port operators (Maersk, MSC, Hapag-Lloyd);

- scientific publications for the period 2020-2025 related to supply chain sustainability, digitalization
of maritime logistics and risk assessment;

- expert assessment (n = 12), which involved maritime logistics system experts, ensuring normalization
of the impact parameter estimates.

Thus, the proposed methodology allows not only to identify the main problems, but also to assess their
relative position in the "risk space", which is an important tool for strategic planning in the field of maritime
transport.

Materials and Methods. Rising Cost Pressure. In today’s environment of global instability, rising costs
are one of the key challenges affecting the efficiency of maritime logistics operations. The main factors driving
cost growth in the industry are higher freight rates, significant demurrage costs, port congestion, and external
circumstances, including weather anomalies and geopolitical risks.

Particular attention should be paid to demurrage, which is a payment for vessel demurrage in ports,
which has increased significantly due to chronic congestion in port infrastructure and disruptions in supply
chains. Taking some of the larger carriers into consideration, such as Maersk and Hapag-Lloyd, massive losses
of revenue amounting to millions of dollars are incurred each year due to delays engendered by congestion at
some of the major ports in Asia, Europe, and the United States. Ships may also be called late due to weather
conditions or storm warnings, which include high winds and fog. Such situation increases downtime and
coordination complexity and therefore additional costs.

Other external causes exist, such as he price volatility in the fuel market, changes in tax legislation, or
political conflicts, also have a direct impact on costs. All of these challenges combine to place a significant burden
on shipping companies and logistics operators, reducing the profitability of transportation and making it more
difficult to achieve sustainable development goals.

Figure 1 shows a comparative visualization of the dynamics of cost growth by key factors in 2021-2025.
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Fig. 1. Rising Cost Pressure in Maritime Logistics by Factor (2021-2025)
Source: compiled by the authors

The diagram illustrates the dynamics of growth of cost components in maritime logistics for 2021-2025.
The chart shows the main cost factors: demurrage (vessel delays), port congestion, weather disturbances,
and other external factors. Each category is shown in a different color, which allows you to visually compare
the contribution of each factor to the overall cost structure by year. The figure shows that the total amount
of expenses in the industry is growing from year to year, with demurrage and port congestion consistently
making the largest contribution. The growth of costs associated with weather disturbances and other external
factors in 2024-2025 is particularly noticeable, indicating an increasing role of external risks in modern
maritime logistics. This trend underscores the need to implement adaptive risk management strategies and
digital technologies to increase supply chain resilience.

Incomplete Visibility and Information Gaps. One of the critical problems in maritime logistics is the
fragmentation of information flows and the lack of a single integrated system for data exchange between all
supply chain participants. Due to the involvement of a large number of stakeholders - shipping companies,
port operators, agents, customs, cargo owners, and regulators - numerous delays and gaps in communication
arise. Each participant often uses its own information system, making it impossible to create a single source
of truth.

Lack of prompt access to up-to-date information makes it impossible to accurately predict delays,
increases the risk of underloading/overloading, and complicates monitoring of environmental and contractual
obligations. To solve this problem, it is necessary to implement integrated monitoring systems based on data-
sharing principles to ensure transparent interaction between all parties.

The sketch in Figure 2 illustrates the integrated multi-level architecture of information interaction in
modern maritime logistics, which covers the strategic, operational, and governmental levels.
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Fig. 2. Multilevel structure of information integration and potential loss points in maritime logistics chains
Source: compiled by the authors
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At the strategic level, global integration platforms (e.g., blockchain, Port Community System) are
represented, which ensure openness and digital integration through Open API. At the operational level, the key
participants are port operators, freight agents, shipping companies, shippers, and control authorities (customs,
sanitary and epidemiological, environmental control). Interaction between these entities takes place through
the IT infrastructure: EDI platforms, [oT gateways, artificial intelligence analytical modules, and cybersecurity
centers. The red circles in the diagram indicate potential signal loss points or information gaps that can lead to
slower processes or increased operational risks (for example, duplication of procedures, delays in control, or
loss of data on port dues payments).

Complexity of the ship nomination process. The process of vessel nominations in maritime logistics
is multifactorial and extremely complex, as it requires consideration of a number of technical, commercial
and regulatory criteria. When selecting a vessel for a particular transportation, it is necessary to assess its
technical suitability, compliance with environmental standards, availability at a certain time, freight cost, and
the specifics of the contract between the parties.

One of the significant complications is the lack of unified nomination procedures. Different companies
apply their own approaches to vessel valuation, which leads to discrepancies in requirements, delays in
approvals, and increased transaction costs. In addition, there is often a lack of complete information about the
technical characteristics of ships (e.g., emissions or compliance with the latest IMO regulations), which makes
it impossible to objectively assess whether a ship meets the customer’s requirements.

Fig. 3 shows a decision tree that demonstrates the typical logic of vessel selection depending on key
criteria: type of cargo, route, environmental restrictions, technical availability and cost parameters. This
approach allows for a structured and transparent analysis of nomination scenarios, reducing subjectivity in

decision-making.
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Fig. 3. Decision Tree for Vessel Nomination
Source: compiled by the authors

The nomination process can be made more efficient by automating decision-making, integrating databases
on vessel characteristics, and introducing standardized conformity assessment templates. This will not only
reduce response time but also increase the objectivity and environmental compliance of logistics solutions.
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Changing regulatory requirements and stakeholder expectations. The modern maritime logistics industry
is facing increasing regulatory pressure, primarily related to decarbonization, supply chain transparency and
environmental reporting. The International Maritime Organization (IMO) has been consistently implementing
standards such as EEXI (Energy Efficiency Existing Ship Index), CII (Carbon Intensity Indicator), and
ballast water and sulfur emissions requirements. These regulations oblige shipowners not only to technically
modernize their fleet, but also to ensure continuous monitoring and reporting of environmental performance.

At the same time, expectations from customers, investors, and society are growing in terms of sustainable
development. Logistics companies are increasingly required to demonstrate responsibility for the entire supply
chain, from the nomination of a vessel to the arrival of cargo at the final destination. It is especially important
to ensure transparency of data on emissions, fuel consumption and compliance with environmental standards.

In the current maritime logistics environment, there is a gradual increase in regulatory influence from
international bodies, primarily the IMO. The introduction of new standards, such as EEXI (Energy Efficiency
Index for Existing Ships), CII (Carbon Intensity Index) and requirements for ballast water treatment and
sulphur emission limits, directly affects the technical suitability of ships for further operation. Ships that do
not meet the requirements are subject to temporary or permanent withdrawal from the market, which reduces
the available tonnage of the fleet.

At the same time, there is growing pressure from stakeholders - cargo owners, investors and regulators
- who expect full transparency regarding the environmental behavior of the vessel, in particular in terms of
CO: emissions, fuel consumption and compliance with the principles of sustainable development at all stages
of the supply chain. This requires the implementation of digital monitoring systems, automated reporting and
strategic fleet planning.

Fig. 4 shows the impact of regulatory changes on available fleet tonnage.

Fleet Tonnage

Ad@P"Q” of Available Non-Compliant
Regulations Tonnage Vessels

Fig. 4. Impact of Environmental Regulatory Changes on Fleet Tonnage Availability
Source: compiled by the authors

The figure shows the reduction in available fleet tonnage due to the introduction of international
environmental regulations (EEXI, CII, SOx emission limits, BWMC). The adoption of more stringent
environmental requirements leads to the temporary or permanent decommissioning of vessels that do not
meet these requirements, which affects the availability of tonnage on the market and causes volatility in freight
rates.

This leads to the temporary or permanent withdrawal of vessels found non-compliant with environmental
standards, limiting the available tonnage supply on the market and causing fluctuations in freight rates, as well
as delays in logistics.

One clear instance of regulatory challenges was offered by the introduction of the energy efficiency
indices of CII (Carbon Intensity Indicator) and EEXI (Energy Efficiency Existing Ship Index), which have
caused considerable tonnage reductions on intra-European routes and led to the berthing of certain vessels
at Chinese ports for being non-compliant with the regulation. These changes are encouraging shipowners to
modernize their fleets, introduce new types of fuel and revise their logistics strategies.

Thus, adaptation to the new regulatory environment requires strategic planning, investments in fleet
modernization, digital solutions for environmental monitoring and transparent data management. This is
becoming a key factor in competitiveness in the maritime transportation market.

Limitations and directions for further research

The study has certain limitations related to the expert assessment of impact parameters, which may
contain subjective components. In addition, the model covers only the key challenges and does not take into
account the specifics of individual regional markets or types of cargo.

Further research could focus on developing digital response scenarios for individual port hubs, modeling
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the impact of regulatory changes on the ship fleet, and integrating ESG indicators into logistics performance
measurement systems. It is also advisable to expand the empirical data base by drawing on the practical
experience of container and ferry operators.

Conclusions. The study identifies and systematizes the key challenges affecting the functioning of
maritime transport and logistics systems: rising operating costs, lack of transparency, complexity of nomination
procedures, and increased regulatory pressure. The proposed visual and analytical approach allowed us to
create a multidimensional threat model that reflects their impact on the efficiency and sustainability of logistics
processes.

The results can be used to increase the strategic flexibility of shipping companies and port operators, in
particular through integration into digital decision support systems. The application of the proposed model
allows for timely identification of risks and development of adaptive response scenarios in the field of maritime
logistics.

The key is that the results obtained have the potential to be integrated into port sustainability policies,
in particular by supporting the digitalization of environmental monitoring, developing digital twins of port
operations, and ensuring compliance with ESG principles. This will contribute to the implementation of the
green ports strategy and the transformation of logistics chains in line with global sustainable development
goals.
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