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DIGITAL TRANSFORMATION
OF SUPPLY CHAINS INVOLVING
WATER TRANSPORT
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[MOPOBA TPAHCDOPMAILIISI AAHITIOTIB TIOCTAYAHHS
3A VYACTIO BOAHOT'O TPAHCIIOPTY

At present, both global and domestic integrated systems of production and logistics relations
among suppliers, manufacturers, carriers, and consumers are facing numerous challenges that are
shaping processes in a state of uncontrolled chaos. Accordingly, the purpose of the article is to
analyze the processes of uncontrolled chaos in supply chains involving water transport and to assess
the role of digital technologies in controlling and mitigating them. The study finds that processes of
uncontrolled chaos in supply chains involving water transport are systemic and arise from the
simultaneous influence of internal and external factors that disrupt the predictability and coordination
of logistics processes. These processes manifest as unpredictable delivery delays, periodic
overloading or underutilization of port infrastructure, disruptions in interactions among supply chain
participants, and the blocking or destruction of transport routes. It has been proven that under
conditions of uncontrolled chaos, traditional approaches to managing waterborne supply chains are
ineffective, as they do not ensure prompt responses to rapid, nonlinear changes in the external
environment. These phenomena were particularly evident in domestic supply chains, which, after
the onset of the full-scale military invasion of Ukraine by the Russian Federation, experienced
numerous problems that disrupted-and continue to disrupt-the predictability and coordination of
logistics processes, namely the blockade of the Black Sea and Azov Sea ports, the accumulation of
vessels in queues at Danube ports, and the disruption of traditional shipping routes. At the same
time, the study’s results demonstrate that the digital transformation of supply chains is an effective
tool for mitigating the manifestations of uncontrolled chaos. In particular, implementing real-time
cargo monitoring systems, portresource planning systems, integrated shipping route management
platforms, and big data analytics enhances transparency in logistics processes, improves
coordination among participants, enables timely forecasting of delays, and optimizes the use of port
and transportresources.
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Hapagsi sk rmo6anbHi, Tak i BHYTPILUHIi naHLOrN noctavyaHHs, ki CTAaHOB/ATb iIHTEerpoBaHy CUC-
TeMy BUPOOHNYO-/I0riCTUYHNX 3B '13KiB MiXk NOCTaYyaslbHUKaMnN, BUPOOHUKaMU, nepeBisHUKammn
Ta crnoxuBa4yamMu, CTUKaIOTbCSH 3 YNCJIEHHUMU BUKJIUKAMMU, LLLO CIIPUYNHSIIOTb NMPOL€CU HEKOHT-
poJsiboBaHOro xaocy. Biarak, MeToro cTaTTi € aHani3 npoueciB HEKOHTPOJIbOBaAHOIO XaocCy y J1aH-
urorax noctadyaHHs 3a y4acTio BOAHOIO TPaHCMNOPTY Ta OuUiHKa poJli uuppoBUX TEXHONOrIN sIK
3aco0by ix KOHTPoOJII0 Ta MiHimi3aUii. Y mexax Aocnig)XeHHs1 BCTAHOB/1I€HO, L O NPoLeCc HEeKOHT-
POJsIbOBAHOIO XaoCy y 1aHUlorax nocta4yaHHs 3a y4acTio BOAHOIro TPaHCMNOpPTy MalTb CACTEM-
HUW XapakTep i BUHUKalOTb BHaCNigoOK O4HOYaCHOI Aii BHYTPILWIHiX Ta 30BHILWHIX ¢paKTOopiB, WO
MopyLUYIOTb MPOrHO30BaHICTb i KOOPAMHAaLiIO fiorictTu4YHux ripoueciB. Taki npouecu NpPosiBAsSIIOTb-
csy Burnsgi HenepegbavyyBsaHux 3aTPUMOK AOCTaBJ/IsIHHS, NepiogNn4YHOro nepeBaHTaXxeHHs1 abo
HeAoBaHTa)KeHHsI NOPTOBOTiHPpPacTPyKTypu, 360iBy B3BaemMmogii Mi>Xk yyacHUKkamMu naHuiora no-
CTa4YaHHs, a TakoXX 6J10KyBaHHs1 260 pyiiHYBaHHsI TPaHCMNOPTHUX MapLwpyTis. JjoBegeHo, Lo B
YyMOBax HEKOHTPOJIbOBaAHOIro Xxaocy TpaauliiiHi nigxoan Ao ynpaBsaiHHS BOAHUMU N1aHUlOramm
nocravyaHHsi € Manoe@deKTUBHUMMU, OCKIiJIbKU He 3a6e3neyYyyioTh OnepaTuBHOro pearyBaHHsl Ha
WBUAKI Ta HeNiHiviHi 3MiHN 30BHiLWWHbOIro cepegoBuwya. Oco6smMBO NOMITHI Ui aBULLA y BITYN3HS-
HUX N1aHLorax NnocTa4yaHHs, Ki nicas novyaTtky NOBHOMAacLUTaOHOro BTOpPrHeHHs p¢ B Ykpainy
SiTKHYynUCS 3 YNCTIeHHUMU rpobsieMmamu, Lo NMOPYLLUNIIN MPOrHO30BaHIiCTb i kKoopAMHaLilo nori-
CTUYHUX NPoLeciB — 30kpema 6J10KyBaHHAM NopTiB YopHOro ta A30BCbKOIro MopiB, HaKoONMU4YeH-
HSIM CYAEH y Yeprax y AYHarCbKNX NMOPTax Ta NOPYLUEHHSIM TPaaULInHUX MapLupyTiB cyaHOMN-
nasctBa. [locnigxeHHs oBeso, wo ungppoBa TpaHchopmaulisa naHyloriB nocra4yaHHs € epek-
TUBHUM iHCTPYMEHTOM MOM 'IKLUEHHS MPOSsIBiB HEKOHTPOJIbOBAHOIO xaocy. 3oKkpema, BnpoBaa-
JKE€HHSI CUCTEeM MOHITOPUHI'Y BaHTaXiB y peasibHOMY 4aci, cucTtemM njiaaHyBaHHsl pecypciB nopTiB,
iHTerpoBaHux naartrgpopm ynpassiiHHS CyAHOMIaBHUMUN MapLIpyTaMu Ta aHaniTUKu BeJINKUx ga-
HUX [O3BOJISIE NiABULLNTU NMPO30PICTb JIOFiICTUYHUX NPOLEeCIB, MOKPALNTN KOOPANHALIIO MiX
y4acHuUKamMun, CBOEYaCHO CripoOrHo3yBaTu 3aTPUMKUN Ta ONTUMI3yBaTU BUKOPUCTAHHS MOPTOBUX i
TPaHCMNOPTHUX PECYPCIB.

Key words: production and logistics relations; digital transformation; chaos; port resource planning; water
transport; digital transformation.

KarowoBi cn108a: Bupobruyo-nozicmuyHri 36'13ku; yugpoBa mpaHcgopmayis; xaoc; naaHyBaHHs pecypciB nopmis;
BodHul mpaHcnopm; uugpoBa mpaHcghopMayis.

PROBLEM STATEMENT
At present, both global and domestic supply
chains, which constitute an integrated system of

sea routes and restricted access to port
infrastructure, repeatedly creating situations in which
normal coordination and predictability of logistics

production and logistics relations among suppliers,
manufacturers, carriers, and consumers, face
numerous challenges, including fluctuations in demand
and supply, security concerns, technological and
infrastructure constraints, and the ongoing
consequences of military conflicts. These factors
have generated processes of uncontrolled chaos,
manifested as unpredictable delays, periodic
overloading or underutilization, disruption of
transport routes, and breakdowns in the coordination
of logistics participants' actions. Notably, these
processes have been particularly pronounced in
supply chains involving water transport, where
systemic disruptions are caused by the blockage of

operations were impossible. At the same time, in this
context, digitalization has emerged as a key tool
enabling rapid restoration of functionality,
transparency, and operational efficiency in the supply
chain, and allowing the optimization of cargo
movement via water transport. For instance, the
implementation of real-time cargo tracking systems
based on GPS and loT allows port operators and
carriers to respond promptly to situational changes,
such as vessel delays due to weather conditions, sea
route blockages, or port infrastructure overloads:
vessels can be redirected, cargo allocation adjusted,
and port congestion avoided, significantly reducing
the risks of unpredictable delays and underutilization.
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Dimension: Unpredictable cargo delays
Description: Cargo does not arrive at the
scheduled time due to force majeure events,
weather conditions, route blockages, or
technical issues on vessels and in ports.
Manifestations in supply chains: Delivery
delays to end customers, container
accumulation at ports, disruption of shipping
schedules, and increased logistics costs.

Dimension: Periodic overloading or
underutilization of infrastructure
Description: Ports operate inefficiently,
resulting in peaks and troughs in throughput
capacity, when too many vessels arrive
simultaneously or, conversely, berths and
cranes remain idle.
Manifestations in supply chains:
Accumulation of vessels in queues, delays in
unloading and cargo handling, uneven
utilization of port resources, and increased
logistics costs.

General Dimensions of Uncontrolled Chaos

Dimension: Coordination failures among
participants
Description: Supply chain participants fail to
synchronize their actions due to outdated or
incomplete information, technological
constraints, and the lack of shared digital
platforms.

Manifestations in supply chains: Untimely
loading or unloading of cargo, conflicts
between vessel schedules and port resources,
increased idle time, and chaotic disruptions in
deliveries.

Dimension: Destruction or blockage of
transport routes
Description: Disruptions in routes caused by
military conflicts, accidents, sanctions, or
natural disasters, which prevent vessels from
following traditional schedules.
Manifestations in supply chains: Delivery
delays, overloading of alternative routes or
ports, increased vessel idle time, shortage of
available transport routes, and chaotic
disruptions in logistics processes.

Figure 1. Dimensions of uncontrolled chaos in supply chains involving water transport

Source: developed based on [6; 8].

Thus, the use of digital technologies-such as
transport management systems, the Internet of Things
(loT), blockchain, and big data analytics-not only
automates key processes but also enables effective
information management, thereby significantly
reducing chaotic phenomena and enhancing the
economic efficiency of transportation.

ANALYSIS OF RESEARCH
AND PUBLICATIONS

The challenges of supply chain transformation have
been investigated by scholars such as T.V. Nakonech-
na[4], O.M. Holovchenko, L.V. Mezina[2], A.V. Tserkovna,
A.M. Rakhimi [7], A.V. Horban, and H.Yu. Kucheryuk [1].
In particular, they analyzed the features of ensuring logis-
tics resilience in both traditional water transport and mul-
timodal transport schemes. These researchers emphasized
the importance of adapting traditional supply chain
management methods to modern conditions, which include
dynamic markets, demand fluctuations, globalization, and
the integration of digital technologies into logistics.

Moreover, the studies by Yaxin Pang, Shenle Pan, and
Eric Ballot highlight challenges related to improving the
efficiency of water route planning, inventory optimization,
and risk management in processes that, in contemporary
theory, are interpreted as phenomena of "uncontrolled
chaos."

At the same time, comprehensive research on the
processes of uncontrolled chaos in supply chains involving
water transport, as well as an assessment of the role of
digital technologies in controlling and mitigating these

processes, remains insufficiently addressed in the
scientific literature. This creates both a theoretical and a
practical gap that requires further investigation into
integrating digital solutions into logistics processes and
enhancing supply chain resilience.

FORMULATION OF THE ARTICLE'S
OBJECTIVES

Accordingly, the aim of this article is to analyze the
processes of uncontrolled chaos in supply chains involving
water transport and to assess the role of digital techno-
logies in controlling and mitigating them.

THE PAPER'S MAIN BODY

Within the study, the authors draw on principles of
chaos theory to identify uncontrolled chaos in supply chains
involving water transport as a systemic disruption, in which
normal coordination and predictability of logistics
processes are lost due to the simultaneous influence of
internal and external factors [1; 6]. Practically, this
manifests as:

1. Unpredictable delays — when cargo does not arrive
as scheduled due to force majeure events, weather,
security conditions, technical issues, or route blockages.

2. Periodic overloading or underutilization — when
ports operate inefficiently, creating peaks and troughs in
throughput capacity.

3. Coordination failures — when supply chain
participants (suppliers, carriers, ports, distributors) fail
to synchronize their actions due to outdated information
or technological constraints.
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Table 1. Impact of digital transformation on uncontrolled chaos
in water transport supply chains

Mechanism of digital
transformation impact on
uncontrolled chaos

Uncontrolled chaos
manifestations mitigated

Digital process /
technology

Real-time cargo
monitoring systems

Enables tracking of cargo and
vessel movements online,
allowing rapid response to
schedule deviations

Delivery delays,
overloading/queues, loss
of coordination among
participants

Integrated shipping | Optimize vessel routes Route disruptions, port

route management considering blockades, weather delays, cargo accumulation

platforms conditions, and port capacity

Big Data Analytics | Forecasts peak loads, problem Unpredictable delays,

areas, and potential disruptions uneven port and vessel

utilization

Port resource Optimize allocation of berths, Port queues,

management systems | cranes, and unloading equipment | overloading/underutilization,
unloading delays

Source: developed based on [1—3; 8].

4. Destruction or blockage of transport routes —
caused by conflicts, accidents, sanctions, or natural
disasters.

Overall, uncontrolled chaos is a situation in which a
supply chain involving water transport ceases to operate
according to predictable rules, and traditional management
methods-such as planning based on historical data, annual
or quarterly delivery schedules, static vessel routes, and
standard coordination procedures among suppliers,
carriers, and port authorities [5—6]-are unable to quickly
restore balance and ensure the effective functioning of the
chain (Fig. 1).

For example, if a key port is blocked due to a military
conflict or natural disaster, vessels can no longer operate
as planned, containers accumulate, queues form for cargo
handling, and suppliers and customers lose synchro-
nization, leading to delays throughout the entire chain and
increased costs.

It should be noted that in domestic water-transported
supply chains, such processes were relatively rare. For
example, port blockages or significant vessel delays due
to weather conditions or port maintenance occurred
sporadically and did not cause systemic chaos in logistics
operations [7]. However, following the military invasion
of Ukraine, the frequency and scale of such phenomena
have increased significantly. Examples include [1—3; 71:

— Port blockages in the Black Sea and the Sea of
Azov. Many Ukrainian ports (Mariupol, Berdyansk, Odesa,
Mykolaiv) have been or remain partially blocked due to
military actions, halting the export of grain, metals, and
other cargo.

— Accumulation of cargo in queues. Specifically, river
and partially operational sea ports face long vessel queues,
resulting in unloading delays and container shortages. For
instance, in the middle months of 2023, several dozen
vessels were waiting to dock or unload at Danube ports
near Ukraine (in Sulina and at the Bystre estuary), with
waiting times at some ports ranging from 5 to 15 days.

— Disruption of shipping routes. The military conflict
forces some vessels to change or bypass traditional routes
due to the risks of blockade, minefields, and restricted port

access. For example, vessels that traditionally sailed to
Ukrainian Black Sea ports are now forced to reroute to
Danube ports or use detours via Romania and Bulgaria.

At the same time, the practices of major international
logistics operators and water carriers, such as Maersk,
MSC, and CMA CGM, as well as the experience of Ukrainian
port operators and logistics companies, have shown that
the digital transformation of supply chains can partially
mitigate, or even eliminate, the manifestations of uncont-
rolled chaos [8]. The use of real-time cargo monitoring
systems, port resource management systems, integrated
shipping route management platforms, and big data
analytics enables timely forecasting of delays, optimization
of unloading operations and vessel routes, improved
coordination among supply chain participants, and a
reduction of the negative impact of external factors, such
as port blockages or vessel queues.

The specific impact of digital transformation on the
processes of uncontrolled chaos within supply chains
involving water transport is summarized in Table 1.

So, real-time cargo monitoring systems (Real-Time
Tracking), such as Maersk's Remote Container Mana-
gement (RCM), IBM Sterling Supply Chain, INTTRA
Tracking, and MarineTraffic, allow continuous tracking of
cargo and vessel movements, prompt detection of
deviations from planned schedules, and timely management
decisions to minimize delays and chaotic disruptions in
the supply chain. For example, Maersk RCM enables online
tracking of cargo locations, allowing it to be rerouted and
schedules adjusted in the event of vessel delays.

Due to these advantages, these digital tools help
mitigate the manifestations of uncontrolled chaos in water
transport supply chains in the following ways:

— Delivery delays: Rapid response to schedule
deviations allows for quick rerouting or redirection of
cargo, reducing idle time.

— Overloading and queues: Monitoring enables even
distribution of cargo across vessels and ports, preventing
container accumulation in queues.

— Loss of coordination among participants: All supply
chain participants have access to up-to-date, real-time
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information, enhancing synchronization of actions and
reducing chaotic disruptions.

Integrated shipping route management platforms, such
as Kongsberg Maritime Fleet Management, Navis N4,
StormGeo Fleet Operations Solution, and W?rtsil? Fleet
Operations Solution, enable the planning, optimization,
and adjustment of vessel routes while considering factors
such as port blockages, weather conditions, port capacity,
and navigation restrictions. For example, the Navis N4
platform automatically adjusts vessel allocation to berths
based on their queue, cargo, and estimated time of arrival,
significantly reducing the risk of delays and port
congestion.

Due to their capabilities, these platforms mitigate the
manifestations of uncontrolled chaos in the following ways:

— Route disruptions: Vessels can quickly alter or
optimize routes in response to port blockages or
hazardous areas.

— Port delays: The system enables even distribution
of vessel arrivals, reducing queues and waiting times.

— Cargo accumulation: Optimization of arrivals and
cargo handling prevents container buildup at berths and in
port waters.

Big Data Analytics, such as IBM Sterling Supply Chain,
SAP Logistics Business Network, Oracle SCM Cloud, and
StormGeo Fleet Weather Analytics, allows the forecasting
and prevention of supply chain disruptions by integrating
and processing data on vessel and container movements
in real time, port throughput and unloading resources,
weather conditions and maritime risks, and historical data
on delays, queues, and accidents. For instance, the
StormGeo Fleet Operations Solution enables large
shipping companies to forecast weather-related delays and
optimize vessel routes before departure from the port.

In the context of Ukraine, such tools could help
mitigate the manifestations of uncontrolled chaos in the
following ways [6—8]:

— Unpredictable delays: Forecasting of problematic
areas and peak loads enables timely adjustments to vessel
routes and arrival schedules.

— Uneven port and vessel utilization: The system
predicts potential vessel queues at ports and optimizes
cargo and vessel allocation, preventing congestion and
resource overloading.

— Coordination failures among supply chain parti-
cipants: Access to real-time analytical data enhances
synchronization between port operators, carriers, and
customers.

In practice, maritime analytics data show that near the
Greater Odesa ports (Odesa, Chornomorsk, Pivdennyi),
dozens of vessels were waiting at various times during
2024—2025 for entry or departure to load or unload cargo.
Thus, big data analytics would be particularly useful for
forecasting potential port congestion and digitally
mapping available berths (i.e., automated identification
and visualization of free or potentially available berths in
specific time intervals, taking into account vessel type,
cargo characteristics, and available port resources [7—
81), which would significantly reduce idle time and improve
the efficiency of water transport supply chains.

Port Resource Management Systems (PRMS), such as
Navis N4 Resource Planner, Tideworks Terminal Operating

System, TOS Kongsberg, and SAP Port Management,
provide comprehensive optimization of port resource
allocation, including berths, cranes, storage facilities, and
unloading equipment. They integrate data on vessel arrival
schedules, cargo types, personnel availability, and
equipment condition, enabling near-real-time coordination
of port operations.

PRMS resources are capable of mitigating the mani-
festations of uncontrolled chaos in water transport supply
chains in the following ways:

— Reduction of vessel queues: The system optimally
allocates berths and berthing times, preventing simul-
taneous arrivals of multiple vessels and reducing waiting
time in port waters.

— Reduction of port infrastructure overload: Efficient
use of cranes and unloading equipment avoids bottlenecks
during peak periods and ensures even utilization of
resources.

— Improvement of coordination among participants:
All stakeholders (port operators, shipowners, and freight
forwarders) have access to up-to-date operational
information, reducing the risk of uncoordinated actions
and operational disruptions.

In the context of Ukraine, the implementation of port
resource management systems could serve as an
effective tool to reduce chaotic manifestations in the
Danube and Black Sea ports, where, due to the military
conflict, there are uneven vessel flows, a limited number
of available berths, and increased load on port infra-
structure.

Thus, digitalization can be considered a key direction
for enhancing the resilience of water transport supply
chains under conditions of high uncertainty by providing
features such as: transparency and access to up-to-date
real-time information; forecasting and proactive planning;
resource utilization optimization; improved coordination
among participants; and increased flexibility and adap-
tability.

CONCLUSIONS

The study established that the processes of uncont-
rolled chaos in supply chains involving water transport are
systemic and arise from the simultaneous influence of
internal and external factors, disrupting the predictability
and coordination of logistics processes. These processes
manifest as unpredictable delivery delays, periodic
overloading or underutilization of port infrastructure,
disruptions in interactions among supply chain parti-
cipants, and the blocking or destruction of transport
routes.

It has been demonstrated that, under conditions of
uncontrolled chaos, traditional approaches to managing
water transport supply chains are largely ineffective
because they do not provide timely responses to rapid,
nonlinear changes in the external environment. These
phenomena were particularly pronounced in domestic
supply chains, which, following the full-scale military
invasion of Ukraine by the Russian Federation,
experienced numerous problems that disrupted-and
continue to disrupt-the predictability and coordination
of logistics processes, including the blockade of ports in
the Black Sea and the Sea of Azov, vessel accumulation
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in queues at Danube ports, and disruptions to traditional
shipping routes.

At the same time, the study's results show that the
digital transformation of supply chains is an effective tool
for mitigating the manifestations of uncontrolled chaos.
In particular, implementing real-time cargo monitoring
systems, port resource management systems, integrated
shipping route management platforms, and big data
analytics increases transparency in logistics processes,
improves coordination among participants, enables timely
forecasting of delays, and optimizes the use of port and
transport resources.

Thus, the digitalization of water transport supply
chains is considered a key approach to enhancing their
resilience under conditions of high uncertainty, creating
the prerequisites for reducing uncontrolled chaos and
ensuring more stable operation of logistics systems even
amid military, economic, and infrastructural shocks.
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XypHan BKno4eHo [0 nepeniky HayKoBux haxosux
Bupanb Ykpainn 3 EKOHOMIYHUX HAVK (Kareropis «b»)
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