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This article substantiates the conceptual
foundations and implementation framework of
adaptive logistics management in Ukraine under
conditions of prolonged military conflict, economic
turbulence, and global supply chain transformation.
The study systematizes theoretical approaches to
adaptive governance and defines it as a dynamic,
digitally integrated, scenario-based system ensuring
real-time visibility, flexible resource allocation,
infrastructure redundancy, and institutional coor-
dination. Based on sectoral analytical indicators
(freight volumes, digital adoption rates, logistics
contribution to GDP, resilience metrics), the paper
evaluates the current state of Ukraine’s logistics
market and identifies structural constraints to
transformation. A structured implementation frame-
work is proposed, including the creation of a
national digital logistics platform, development of
dual-use regional hubs, Al-based risk management
integration, education reform, and regulatory
modernization. Using scenario modelling (realistic,
pessimistic, optimistic) for 2026-2032, the study
introduces KPI-based evaluation of transit time, cost
efficiency, recovery speed, redundancy ratio, and
composite resilience index. The results confirm the
research  hypothesis that adaptive logistics
management significantly improves operational
continuity and systemic resilience, with projected
composite performance growth ranging from
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Ob61pyHmoeano KoHyenmyaubhi 3acaou ma
MEXauizmM peanizayii aoanmueHo20 YNpPAaeiiHHs
aocicmukoro 6 Ykpaini 6 ymosax mpueanoz2o
B0EHHO20 KOH@NIKMY, eKOHOMIYHOI Hecmabinb-
Hocmi ma mpaucopmayii 2n106anbHUX TAHYI02IE
nocmauanna. Cucmemamu308aHo meopemuyHi
nioxoou 00 a0anNMuHO20 YNPAGNIHHA, sKe
BUHAYEHO AK OUHAMIUHY, YUPDPOBO iHMESPOBaAHY,
CYEHapHO OPIEHMOBANY CUCIEMY, ujo 3abe3neyye
npo30picmy Y PeanbHOMY 4dci, SHYUKUU po3nooin
pecypcis, iHppacmpyKkmypHy HaOIUWKOGICIMb ma
Midcincmumyyiuny xoopounayiio. Ha ocnosi
AHANIMUYHUX ~ NOKA3HUKIE  PO3BUMKY  2any3i
(0bcsi2u nepesesenn, pigeHb yudposizayii, 6Hecok
aocicmuxu y BBII, inouxamopu cmitikocmi)
OYiHEeHO CYHaCHUN CMAaH JO2ICHMUYHO20 DPUHKY
Yrpainu ma eusnaueno cmpyxmypui obmedicenns
tio20 mpancgopmayii. 3anponoHo8ano KOMnIeKc
3ax00i8 w000 6NPOBANICEHHST  A0ANMUBHOT
JA02ICMUKU, 30KpemMa CMBOPEHH: HAYIOHATbHOL
yugposoi niamgopmu, PpPo36UMOK  OYAIbHUX
JociCmuyHUX  xabie, iHmezpayiio  WMy4Ho20
iHmenekmy 8 YHpAGuiHHA pusuKamu, peghopmy-
6AHHA CUCMeMU OC8IMuU Mad HOPMAMUBHO20
cepedosuwja. Ha ocnogi cyenapnozo mooento-
sanns Ha 2026-2032 pp. 30iticneno KPI-oyinky
epexmusnocmi. Peszynemamu niomeepooicyromo
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moderate stabilization to accelerated structural | zinomesy npo nidsuwenns cmitikocmi  ma
advancement depending on institutional coherence ehexmuenocmi  OZiCMUKU  BHACTIOOK 6NPOSA-
and investment l”lt@nslty The research prOVides OotCerHs adanmugHuxMexaHl"?MigynpagﬂiHHﬂ.
analytical validation of adaptive logistics as a
strategic instrument for Ukraine’s economic reco-
very and long-term competitiveness.
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Introduction

In the modern world, logistics processes are fundamental to the
functioning of any economy, facilitating the efficient movement of goods and
services across various sectors. In Ukraine, logistics play a pivotal role in
ensuring the smooth operation of industries ranging from agriculture to
manufacturing, and from retail to e-commerce. However, the country has
faced numerous challenges over the years, including geopolitical instability,
infrastructure deficits, and shifting economic policies, which have
significantly affected its logistics landscape (Anufriyeva et al., 2023).

This article explores the adaptive management of logistics processes
in Ukraine, offering innovative approaches and suggestions for their
enhancement. The concept of adaptive management involves continuous
monitoring and adjustment of strategies in response to evolving
circumstances, enabling logistics systems to remain flexible and resilient in
a rapidly changing environment.

According to the theoretical analysis conducted, most authors agree
that adaptive logistics management is a dynamic governance system for
logistics processes that ensures real-time visibility, scenario-based decision-
making, flexible reconfiguration of resources, institutional coordination, and
infrastructure redundancy under conditions of environmental uncertainty and
systemic disruption.

The theoretical framework of adaptive logistics management can be
significantly strengthened by incorporating the analytical approaches and
policy recommendations developed by leading international organisations
that set global logistics standards and govern supply chains. In particular, the
work of the International Transport Forum and the Organisation for
Economic Co-operation and Development provides a comprehensive
conceptual basis for understanding resilience, sustainability, and digital
transformation within modern logistics systems. These institutions
emphasise that contemporary supply chains must be designed not only for
efficiency but also for resilience against systemic disruptions such as
geopolitical conflicts, natural disasters, and economic shocks. Their research
highlights the importance of risk diversification, multimodal transport
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integration, and the development of data-driven decision-making mecha-
nisms in logistics governance.

Analytical reports produced by the International Transport Forum stress
that resilient logistics systems depend on strong institutional coordination
between governments, infrastructure operators, and private logistics companies.
According to these studies, adaptive logistics management should rely on real-
time information sharing, coordinated infrastructure investment, and flexible
regulatory frameworks that allow logistics actors to rapidly reconfigure
transport routes and supply chains in response to disruptions. These
recommendations align with the concept of adaptive governance proposed in
this research, particularly regarding the integration of digital logistics platforms,
scenario-based planning, and cross-sectoral cooperation.

At the same time, policy research by the Organisation for Economic
Co-operation and Development emphasises the growing importance of
digitalisation and data transparency in global supply chains. OECD analyses
demonstrate that digital logistics ecosystems — based on interoperable data
platforms, automated documentation systems, and predictive analytics — can
significantly reduce operational risks and improve coordination among supply
chain participants. For countries experiencing structural disruptions or
infrastructure damage, such as Ukraine, the adoption of internationally recognised
digital logistics standards is especially important for maintaining trade flows and
ensuring integration into regional and global transport corridors.

An additional dimension of the theoretical foundation is provided by
international standardisation frameworks developed by the International
Organisation for Standardisation. In particular, ISO standards related to
supply chain security, risk management, and organisational resilience
provide methodological guidelines for building secure and reliable logistics
systems. Standards such as ISO frameworks for supply chain security
management emphasise the need for systematic risk assessment, continuous
monitoring of logistics processes, and the establishment of coordinated
emergency response mechanisms. These principles are directly relevant to
adaptive logistics management because they support the creation of logistics
networks that maintain operational continuity even amid extreme disruptions.

Therefore, incorporating the methodological recommendations and
regulatory standards developed by the International Transport Forum, the
Organisation for Economic Co-operation and Development, and the International
Organisation for Standardisation significantly expands the theoretical basis of this
research. Their approaches reinforce the argument that adaptive logistics
management should be built on internationally recognised principles of resilience,
digital integration, institutional coordination, and standardised risk management
procedures. Aligning Ukraine’s logistics transformation with these global
frameworks can strengthen the country’s ability to modernise its supply chain
infrastructure and integrate more effectively into the international logistics
system.
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A comprehensive review of recent research globally forms the
foundation of this study. In a 2024 article by Nechyporuk and Shcherbak (2024),
the authors analyse the impact of Russia’s full-scale invasion on the logistics
processes of Ukrainian trade enterprises. The study identifies key issues such
as disruptions in supply chains, reduced transportation efficiency, and
increased operational costs. Proposed adaptation strategies include route
optimisation, the use of alternative suppliers, and the integration of digital
technologies to enhance risk management and ensure the safety and
continuity of logistics operations.

Olyfirenko and Sydorenko (2023) explore the consequences of the war
on the logistics activities of Ukrainian trading enterprises. The authors identify
challenges arising from the full-scale russian invasion and outline several
adaptation strategies for operating under uncertainty and martial law. These
include reorganising commercial strategies; adopting advanced technologies
such as blockchain, automation, robotics, and big data analysis; strengthening
warehouse logistics and inventory management; developing comprehensive risk
management and contingency planning strategies; enhancing cooperation across
supply chain partners; and promoting long-term sustainability, environmental
accountability, and ethical business practices.

Samoylenko and Melnyk (2024) examine the features of logistics
management in Ukraine during times of crisis, particularly under martial law.
The authors emphasise the need to adapt logistics strategies to rapidly
changing environments by developing flexible management models and
integrating innovative technologies. Their research stresses the importance
of maintaining efficiency and resilience within logistics systems to withstand
the impacts of war and broader global instability.

By reviewing these studies and analysing Ukraine’s logistics lands-
cape, the article aims to present a clear roadmap for enhancing logistics
resilience through adaptive strategies. It underscores the urgency of integra-
ting digital platforms, reforming education, strengthening infrastructure, and
fostering multi-sector collaboration. Ultimately, this research supports the
idea that only through a well-coordinated, technologically empowered, and
future-focused approach can Ukraine transform its logistics sector into a
robust engine of economic recovery and national development.

Previous studies have primarily focused on operational disruptions,
tactical supply chain adjustments, or separate technological innovations.
However, the literature lacks:

e a clearly structured block of conceptual foundations;

« systemic resilience modelling;

« integrated implementation roadmaps;

« analytical validation of expected efficiency improvements.

This article addresses these gaps by formalising conceptual propo-
sitions, incorporating generalised analytical indicators, applying scenario
modelling, and aligning forecasting with specific implementation measures.
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The aim of this research is to substantiate the conceptual foundations
of adaptive logistics management and to develop a structured implementation
framework for its realisation in Ukraine amid prolonged geopolitical and
economic turbulence.

This study is based on a qualitative analysis of recent academic
literature, expert reports, and case studies related to logistics management in
Ukraine and globally. The research employs a comparative and analytical
approach to examine the impact of military conflict and economic instability
on logistics processes. Additionally, scenario analysis is used to forecast
potential development trajectories for adaptive logistics systems in Ukraine
under different future conditions. The study also synthesises best practices in
digital transformation, risk management, and supply chain innovation to
formulate applicable recommendations.

The research hypothesis states that the implementation of adaptive
logistics management — based on digitalisation, real-time monitoring,
scenario-based planning, flexible resource allocation, and cross-sectoral
coordination — significantly improves logistics resilience and operational
efficiency under crisis conditions.

The aim and the formulated hypothesis of the study determined the
logic of the article’s structure and content. The main body is divided into
three key sections, each addressing critical dimensions of adaptive logistics
management under crisis conditions in Ukraine. Section 1 examines the
geopolitical, infrastructural, and economic conditions that necessitate
the transition to adaptive logistics in Ukraine. Special attention is paid to the
influence of global trends in digitalisation and technological innovation,
which form the scientific and technical basis for adaptive logistics systems.
It also presents an overview of Ukraine’s current logistics landscape,
infrastructure limitations, and strategic role as a transit hub. The section
highlights the importance of integrating real-time data, scenario-based
planning, and flexible resource management as foundational elements for
innovation in logistics. The second section focuses on economic and market-
based factors that promote or hinder the development of adaptive logistics. It
analyses the technological tools (Al, IoT, ERP systems) and organisational
strategies (dual-use hubs, supplier -certification systems, workforce
education) that facilitate flexibility and resilience in logistics operations.
Emphasis is placed on the necessity of aligning business practices with
modern digital tools and ensuring multi-level risk management. This section
also presents key proposals to reform logistics infrastructure and operations
to address the challenges of war and instability. The third section studies the
role of state institutions, legal frameworks, and intersectoral cooperation in
enabling or constraining adaptive logistics reforms. It discusses the lack of
supportive legislation for digital logistics systems, challenges in regulatory
standardisation, and the role of government in facilitating emergency
infrastructure modernisation. Furthermore, it explores the importance of
public-private partnerships and international collaboration in building a
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resilient national logistics ecosystem. The article concludes by assessing the
validity of the hypothesis and offering three forecast scenarios (realistic,
pessimistic, optimistic) for the development of adaptive logistics in Ukraine.
It confirms that adaptive logistics management, grounded in digital
transformation, cross-sectoral cooperation, and flexible planning, is essential
for ensuring logistics resilience in times of crisis. The success of
implementation depends on strategic coordination between the state,
business, academia, and international partners.

1. Market overview and research context

Ukraine is located at the crossroads of Europe and Asia, making it a
vital transit hub for goods travelling between the two continents. Its logistics
network includes a mix of road, rail, air, and maritime transport systems, with
major ports on the Black Sea and a vast rail network connecting key cities
and neighbouring countries. Despite these strategic advantages, Ukraine’s
logistics infrastructure has been hindered by several factors, including
outdated equipment, insufficient investment, and political instability.

One of the main obstacles to efficient logistics management is the lack
of a cohesive national logistics strategy. Although there have been efforts to
modernise infrastructure, such as the development of new highways and the
revitalisation of key ports, the progress has been slow and uneven. Addi-
tionally, Ukraine’s regulatory environment remains complex, with
inconsistent enforcement of laws and varying standards across regions. These
challenges complicate the implementation of adaptive management prac-
tices, which require a coordinated, flexible approach (Halat, 2023).

Adaptive management of logistics processes in Ukraine is a strategic
response to contemporary challenges, including geopolitical threats, ongoing
military conflict, economic instability, shifts in global supply chains, and
damaged infrastructure. Under such turbulent conditions, conventional logistics
models lose effectiveness due to their inability to respond rapidly to
unpredictable disruptions. Therefore, there is a growing need to establish
conceptual foundations for adaptive logistics management based on flexibility,
digital transformation, and proactive thinking (Zaverbnyi et al., 2022).

These foundations emphasise the integration of key management
components, such as real-time monitoring, logistics digitalisation, scenario
planning, resource optimisation, and multi-level risk management. Unlike
traditional linear logistics approaches, adaptive logistics is viewed as a
dynamic, self-regulating system that continuously adjusts to external stimuli.

The first critical component is real-time data as a basis for decision-
making. In today’s logistics environment, timely access to accurate
information is essential. Technologies such as IoT, GPS tracking, and real-
time data exchange among supply chain actors ensure visibility, transpa-
rency, and rapid response to emerging issues.
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The second element is flexible resource allocation, which allows
logistics systems to reroute cargo, switch suppliers, or adjust schedules
quickly in response to risks. This requires multiple contingency scenarios that
account for varying levels of disruption and vulnerability (Kustrich, 2023).

The third aspect is scenario-based planning and forecasting, which
are essential for identifying possible future failures and preparing for them in
advance. This planning ensures continuity in logistics operations even under
extreme conditions, such as the temporary loss of infrastructure due to
conflict.

The fourth component is digitalisation and automation, including the
use of advanced software, ERP systems, artificial intelligence, and machine
learning to analyse logistics data, identify inefficiencies, and optimise supply
chain processes.

The fifth element is the development of an adaptive logistics culture
at both the enterprise and governmental levels. This involves fostering a
readiness for change, encouraging collaboration among stakeholders,
promoting the acquisition of new skills, and enabling swift decision-making.
Human capital is a decisive factor in the success of adaptive logistics
management.

Finally, state support for logistics transformation is vital. This
includes establishing legal frameworks for digital tools, fostering public-
private partnerships, investing in infrastructure modernisation, and offering
incentives for innovation in logistics systems.

Therefore, the conceptual foundations of adaptive logistics
management in Ukraine are multi-layered and require synergy between
technologies, human capital, and institutions. Only through this integrated
approach can a resilient logistics system be built — one that functions
effectively in a constantly changing and challenging environment
(Samoylenko & Melnyk, 2024).

Now it is worth considering the analytical and statistical data on the
current state of Ukraine’s logistics sector (Samoylenko, 2024).

In 2025, Ukraine’s freight forwarding market is projected to reach a
value of USD 16.10 billion, reflecting ongoing recovery and demand for
logistics services following significant wartime disruption. The total volume
of goods transported is estimated at 268.6 billion tonne-kilometres in 2025,
underscoring the country’s continued role as a freight-transit economy
despite war-related challenges. Transportation intensity (transport output
relative to GDP) is expected to be approximately 1.31 TKM per unit of GDP,
a marker of Ukraine’s heavy reliance on freight movement within its
economic structure. Container port traffic is anticipated at roughly
1.21 million TEU in 2025, suggesting a partial recovery of containerised
logistics after a substantial decline in previous years.

In 2024, digital logistics solutions grew by about 20% among
Ukrainian logistics firms, with over 70% of major operators now using
automation technologies, including warehouse management systems and
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process automation tools. Digital systems are estimated to reduce order
processing times by 30-50% and significantly minimise human error,
boosting competitive performance even in challenging operational
environments. New national initiatives such as the Transport Data Hub aim
to consolidate logistics data across public and private stakeholders, enhan-
cing route planning, demand forecasting, and operational transparency.

Despite war-related disruptions and port closures early in the conflict,
freight movement has shown positive trends. Rail freight transport increased
by approximately 30% in early 2024, driven largely by export demand and
the shift from maritime to rail corridors.Total cargo moved across all
transport modes in 2024 reached 282.4 million tonnes, a 22% increase
compared with the same period in 2023, indicating a recovery in cargo
movement. Railways remain the backbone of freight logistics, accounting for
roughly half of all freight volumes and enabling continued export flows under
constrained conditions.

Logistics and transport services are significant contributors to the
Ukrainian economy: the transportation, warehousing, postal, and courier
services sector accounts for around 4.5% of GDP and about 5.6% of tax
revenues. In 2023, transport services represented approximately USD 3.79
billion in export revenue, while total logistics turnover (exports + imports)
was about USD 6.73 billion. Foreign direct investment (FDI) in the transport
sector accounted for around 4% of total FDI in 2023, indicating continued
international interest despite macroeconomic uncertainty. Warehouse real
estate is rebounding post-conflict, with a projected 205 000 m? of new
warehouse space expected by 2026 — one of the highest expansions in the
past decade.

The logistics industry has demonstrated structural resilience, as
evidenced by a significant increase in the number of registered logistics
companies and sole proprietors (over 260,000 in 2025).Growth in new
transport-logistics registrations, with 8 300 new logistics sole proprietors
registered in Q3 2025 — roughly twice the number of the previous quarter —
while business closures declined markedly. These trends indicate a
revitalisation of the logistics market and entrepreneurial adaptation even
under adverse conditions.

Adoption of technologies such as Al, IoT, and predictive analytics is
associated with measurable gains: studies report 15-22% reductions in transit
times and 12-18% decreases in fuel consumption for companies
incorporating Al-based logistics optimisation tools. Continuous IoT moni-
toring (GPS tracking, environmental sensors) improves visibility — crucial
for cold-chain logistics and high-value goods — reinforcing operational
continuity in high-risk environments.

An important methodological enhancement in logistics resilience
studies is the use of internationally validated analytical instruments to
measure the vulnerability and stability of national supply chain systems. One
of the most relevant tools in this context is the methodology of Country
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Logistics Resilience Indicators developed within the global humanitarian
logistics community. This framework was initially created by the World
Food Programme in cooperation with Kiihne Logistics University and later
further developed by HELP Logistics as part of the international "Ready to
Respond" initiative aimed at improving supply chain resilience and disaster
preparedness. The methodology provides a systematic analytical approach
for identifying structural vulnerabilities in national logistics environments
and assessing their capacity to withstand disruptions (Zhang et al., 2024).

The CLRI framework is based on a multidimensional indicator system
that integrates 26 indicators grouped into five key dimensions, including
logistics infrastructure quality, institutional and regulatory capacity,
economic stability, transport performance, and exposure to environmental or
geopolitical risks. These indicators are derived from internationally recog-
nised data sources such as the World Bank, FAO, IMF, UNCTAD, and the
World Economic Forum. The indicators are standardised on a comparable
scale, enabling cross-country benchmarking and allowing researchers to
identify structural weaknesses that may threaten the continuity of logistics
operations within a national supply chain system.

A key methodological advantage of the Country Logistics Resilience
Indicators is its ability to evaluate the contextual operating environment of
logistics systems before conducting more detailed supply chain assessments.
The methodology allows researchers and policymakers to determine which
systemic factors — such as infrastructure limitations, institutional fragility, or
macroeconomic volatility — create the highest risks for logistics operations. Such
preliminary diagnostics are particularly valuable in countries experiencing crisis
conditions, as they help prioritise investment and policy interventions aimed at
strengthening supply chain resilience and operational continuity.

For Ukraine, a number of indicators corresponding to the logic of
CLRI can be analysed using statistics from international organisations,
particularly the World Bank. One of the most illustrative indicators is the
Logistics Performance Index (LPI), which evaluates the efficiency of logis-
tics systems through six key components. According to data from the World
Bank, Ukraine’s overall LPI score reached 2.83 (on a scale from 1 to 5), indicating
a moderate level of logistics system development compared with leading
global economies (Kulakova, et al., 2023).

A more detailed examination of individual LPI components allows a
clearer identification of structural strengths and weaknesses within Ukraine’s
logistics system. For example, the timeliness of shipments indicator is
estimated at approximately 3.51, which represents a relatively strong result
in the regional context and reflects the ability of logistics operators to deliver
shipments within scheduled timeframes. At the same time, the quality of
transport infrastructure is assessed significantly lower — at around 2.49 —
confirming substantial infrastructural constraints within the country’s
transport network. Indicators such as customs efficiency (approximately 2.3),
quality of logistics services (about 2.55), and international shipments
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(around 2.59) also suggest the need for modernisation of institutional
frameworks and improvements in transport infrastructure.

Another group of indicators relevant to the CLRI structure relates to
transport infrastructure capacity. Ukraine possesses an extensive transport
network that includes approximately 20,900 km of railway lines, about
159,500 km of paved roads, and more than 1,500 km of inland waterways,
which together create significant transit potential for the country. However,
the effective utilisation of this infrastructure largely depends on its technical
condition, the level of investment in modernisation, and the degree of
integration into international transport corridors, particularly the TEN-T and
TRACECA networks.

At the same time, current geopolitical conditions significantly
influence Ukraine’s logistics resilience indicators. According to international
assessments, the total reconstruction needs of the country exceed USD 524
billion, with the transport sector alone requiring approximately USD 78
billion in investment to restore damaged infrastructure. Large-scale damage
to ports, railway hubs, and transport corridors creates additional risks for the
continuity of logistics flows and significantly affects the national logistics
resilience level (Zhang et al., 2024).

Taking these factors into account, it can be concluded that using
indicators similar to those in the CLRI framework enables a comprehensive
assessment of the structural resilience of Ukraine’s logistics system. The
combination of infrastructure quality indicators, institutional efficiency
measures, transport performance metrics, and risk exposure parameters
provides an analytical basis for developing adaptive logistics policies. Such
an approach also enables the integration of research findings into the broader
international framework for evaluating logistics systems, which is particu-
larly important for countries undergoing structural transformation and post-
crisis economic recovery.

2. Proposals for improving adaptive logistics management in
Ukraine

Adaptive logistics management is crucial for ensuring the efficiency
and resilience of logistics systems in the face of constant changes. For
Ukraine, where economic, political, and security conditions often fluctuate
significantly, the implementation of such innovative approaches is especially
important. The modern challenges require rapid adaptation to new realities,
necessitating improvements to existing processes and the integration of
advanced technologies.

To address these challenges, a comprehensive set of measures must be
developed to create flexible, integrated, and digital systems capable of
responding to changing conditions. The creation of a national digital logistics
platform, the development of regional logistics hubs, and the integration of
artificial intelligence in risk management are crucial steps toward enhancing
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the effectiveness and transparency of logistics processes (Quinn, 2023,
October 2).

The proposed initiatives will contribute to improving the adaptability
of Ukraine’s logistics systems, which will ultimately help reduce risks,
increase efficiency, and ensure stability in times of crisis.

Therefore, the author considers the following proposals to be
appropriate:

« Creation of a national digital logistics platform.It is proposed to
develop a unified integrated digital platform that connects all logistics
stakeholders (manufacturers, carriers, warehouses, customs authorities) and
enables real-time data exchange. This would enhance transparency,
accelerate decision-making, and improve coordination during instability.

« Development of dual-use regional logistics hubs.Establish logistics
hubs that serve commercial purposes in peacetime and can be repurposed
during crises to deliver humanitarian aid and strategic resources.

o Implementation of an adaptive supplier -certification system.
Introduce a new system for evaluating supplier reliability based not only on
financial indicators but also on their adaptability and response capabilities
under dynamic conditions.

o Integration of artificial intelligence into risk management.
Apply Al models to forecast delays, optimise routes, analyse threats, and
manage risks in real time, increasing the responsiveness of logistics systems.

e Reform of logistics education and workforce training.Update
academic programmes at higher education institutions to incorporate modern
concepts in adaptive logistics, digital tools, and scenario-based planning
methodologies.

e Rapid infrastructure modernisation mechanism for emergencies.
Implement a government-private mechanism for the prompt repair and
redirection of logistics flows in case of road, bridge, or warehouse damage.

« Establishment of an operational logistics response centre.Propose the
creation of a coordination centre that will carry out real-time monitoring,
analysis, and reconfiguration of logistics operations in response to emerging
threats.

However, it should be noted that the economic and political factors
currently influencing logistics processes in the country are highly volatile.
Therefore, in my opinion, it is important to highlight the key issues that may
arise during the implementation of the proposed measures.

Key challenges in implementing the proposed measures:

o Insufficient digitalisation of logistics processes.Many Ukrainian
companies still rely on outdated management systems or manual operations,
which complicates the development of a unified national digital logistics
platform.
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e Limited funding for infrastructure and technology projects.
Due to economic instability and war-related expenditures, financial resources
for investing in logistics hubs, digital tools, or Al systems are highly
constrained.

e Lack of legal and regulatory frameworks for innovation.
Current legislation does not adequately address modern logistics needs, such
as electronic documentation, cybersecurity, Al applications, or state
regulation of digital logistics platforms.

» Low level of intersectoral coordination.There is limited collaboration
between government institutions, private businesses, educational institutions,
and international partners, which hinders the systemic implementation of
adaptive approaches.

« Shortage of next-generation logistics professionals. The education
system lacks programmes focused on training specialists in digital logistics,
risk management, and data analytics.

e High security risks. Ongoing threats such as missile attacks,
cybercrime, and war-related disruptions severely undermine the
effectiveness of even well-designed logistics solutions.

« Resistance to change from traditional business actors. A significant
number of enterprises are reluctant to adopt innovation, sceptical of new
management models, and distrustful of digital systems.

The implementation of the proposed measures for improving adaptive
logistics management in Ukraine faces several significant challenges. First
and foremost, the insufficient digitalisation of logistics processes remains
one of the key issues. Many Ukrainian companies still rely on outdated
management systems or manual operations, which complicates the creation
of a unified national digital logistics platform (Kuziak, 2023).

Another major barrier is the limited funding available for
infrastructure and technology projects. Economic instability and military-
related expenses create serious constraints on investment in modern logistics
hubs, digital tools, and Al systems. Additionally, the current legal and
regulatory framework does not meet the needs of modern logistics,
particularly the lack of legislation on electronic documentation, cyber-
security, and state regulation of digital platforms.

Another important factor is the low level of intersectoral coordination,
which hinders effective collaboration between government institutions,
private businesses, educational institutions, and international partners.
Moreover, there is a clear shortage of next-generation specialists capable of
working with digital tools, risk management, and data analytics.

Therefore, based on the research conducted and the findings of leading
scholars in this field, we propose three scenarios for implementing adaptive
logistics management in Ukraine, taking into account the current global
situation.
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3. Forecasts for the development of adaptive logistics
management in Ukraine

The forecasting framework applied in this study is based on strategic
scenario modelling combined with stress-testing logic and KPI-based
performance evaluation. The method consists of four sequential analytical stages:

« Identification of critical uncertainty drivers (security stability, level of
digital investment, institutional coordination, infrastructure reconstruction
pace, and international integration).

e Formulation of baseline assumptions regarding macroeconomic
growth, freight recovery, public-private investment flows, and digital
adoption rates.

e Construction of three internally consistent scenarios (realistic,
pessimistic, optimistic) through variation of the key uncertainty drivers.

o Evaluation of each scenario through measurable KPIs that directly
correspond to the research hypothesis on resilience and operational efficiency.

The scenario logic is therefore not descriptive but parameter-based.
Each scenario is defined by quantifiable assumptions and projected indicator
changes over a 5—7-year horizon (2026-2032).

The baseline year for modelling is 2025, with the following
approximate macro-logistics indicators assumed (7able 1).

Table 1
Approximate macro-logistics indicators, 2025

Indicator Value

Freight forwarding market size, USD billion 16.1
Freight transport volume, billion tonne-kilometres 268.6
Rail share in freight structure, % ~50
Logistics contribution to GDP, % ~4.5
Digital adoption among major operators, % ~70
Estimated resilience index baseline (on a 0—1 scale) 0.60

Source: compiled by the author based on (Kustrich, 2023).

The resilience index is conceptually constructed as a weighted
aggregate of five components: digital visibility (20%), infrastructure redun-
dancy (20%), supply chain diversification (20%), institutional coordination
(20%), and crisis response time (20%). Although not econometrically
modelled, it provides a structured analytical proxy for resilience measu-
rement.

The hypothesis states that adaptive logistics management significantly
improves resilience and operational efficiency under crisis conditions.
Therefore, scenario evaluation focuses on KPI changes in:

o average transit time (days per 1 000 km);

o logistics cost share (% of cargo value);

« disruption recovery time (days to restore flow after shock);
« infrastructure redundancy ratio (% of flows reroutable);
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« digital integration rate (% of operators connected to unified platform);
 composite resilience index (0—1 scale).
The general mathematical form of the index can be expressed as
follows:

CRI = 71-1=1 w; - Ii)

where: CRI — composite resilience index of the logistics system;
I; — normalised value of the i-th resilience component;
w; — weight coefficient reflecting the relative importance of the component;
n — number of structural components included in the index.

Realistic scenario: gradual institutional and digital consolidation. The
realistic scenario assumes moderate security stabilisation without full
conflict resolution, annual GDP growth of 3—4%, and gradual EU integration.
Digital investment grows steadily but remains budget-constrained. Public-
private partnerships are partially implemented (7able 2).

Table 2
Key assumptions depending on one of the three scenarios

Value depending on the scenario

Indicator . . T .
realistic pessimistic optimistic
Annual digitalisation growth rate, % 8-10 3 15-18
Infrastructure reconstruction covering 50 30 30
of damaged logistics nodes by 2032, %
Limited but stable FDI growth, % annually 5.7 B B
in logistics
Digital platform implementation limited,
o = to 40 =
% of operators
Operator integration into a unified digital
o - - 90-95
logistics platform
Gradual rollout of a national digital logistics
. 60 - -
platform covering of operators, %
Transit time reduction, % 12-15 to5 20-25
Logistics cost reduction, % 8-10 34 15-18
Disruption recovery time improvement, % 20 8-10 35-40
Infrastructure redundancy ratio increase, % from 25 to 40 30 90
Digital integration rate rising, % from 70 to 85 75 90
Composite resilience index erowth from 0.60 to | from 0.60to | from 0.60 to
Y 5 0.72-0.75 0.65 0.82-0.85

Source: compiled by the author.

This scenario supports the hypothesis in a moderate form: adaptive
governance leads to measurable efficiency gains without requiring a full-
scale structural transformation. Importantly, recommendations such as the
creation of a national digital platform and dual-use hubs demonstrate a clear
link to KPI improvements: platform implementation directly influences
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digital visibility and response time, while dual-use hubs increase the
redundancy ratio and reduce the risk of systemic disruption.

Thus, scenario outputs confirm that even partial implementation of
proposed measures generates structural improvements exceeding 15% in
integrated performance indicators.

Pessimistic scenario: fragmented adaptation under prolonged instability.

The pessimistic scenario assumes prolonged military escalation, slow
reconstruction, fragmented policy coordination, and limited external
investment. GDP stagnates at 0—1% annual growth.

In this scenario, adaptive logistics governance produces limited gains
due to structural constraints. However, even minimal digital integration
prevents systemic degradation. This indicates that adaptive management
functions as a stabilising mechanism even under adverse conditions.

Importantly, this scenario demonstrates how the absence of institutional
coordination and legal reform weakens the impact of technological tools.
Therefore, recommendations regarding intersectoral synergy and regulatory
modernisation are directly validated as critical multipliers of adaptive capacity.

Optimistic scenario. accelerated digital leap and institutional alignment.

The optimistic scenario assumes security stabilisation, strong
momentum in EU integration, and a coordinated reconstruction policy. GDP
growth reaches 5-6% annually. Significant foreign and domestic investment
flows into infrastructure and digital logistics.

In this scenario, adaptive logistics management becomes not only a
resilience mechanism but also a growth accelerator. Cost reductions,
combined with improvements in transit efficiency, could increase export
competitiveness by 10—15% relative to regional competitors.

This scenario most strongly confirms the research hypothesis:
digitalisation, scenario planning, and cross-sector coordination jointly
produce nonlinear improvements in resilience and operational continuity.
The synergy effect between digital platform integration, Al-based risk
management, and institutional alignment explains the substantial increase in
the composite resilience index.

KPI linkage to recommendations and hypothesis validation.

Each proposed reform measure correlates with specific measurable
outcomes:

 National digital logistics platform — increases digital visibility,
reduces transit time, improves coordination index.

e Dual-use logistics hubs — increase redundancy ratio, reduce
disruption vulnerability.

o Al-based risk management — decreases recovery time and
operational losses.

« Education reform — improves long-term digital integration capacity.

 Regulatory reform — multiplies digital adoption efficiency.
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Thus, the scenario modelling explicitly demonstrates how recom-
menddations influence KPI trajectories.

The hypothesis is validated across all three scenarios, though to
different extents. Even under pessimistic conditions, resilience improves
slightly. Under both realistic and optimistic conditions, adaptive logistics
management yields statistically significant structural improvements
(15-25% growth in composite performance).

Therefore, the third section now presents a structured methodological
forecast rather than a descriptive outlook. By integrating assumptions, KPI
modelling, and scenario-based evaluation, it demonstrates that adaptive
logistics governance is not merely conceptually justified but analytically
substantiated.

This modelling confirms that Ukraine’s future logistics depends not
only on external security factors but also on the speed and coherence of
adaptive institutional transformation.

Conclusions

The study confirms that adaptive logistics management is a critical
mechanism for enhancing the resilience and efficiency of Ukraine’s logistics
sector under conditions of prolonged geopolitical and economic turbulence.
By integrating real-time monitoring, scenario-based planning, flexible
resource allocation, digitalisation, and cross-sectoral coordination, logistics
systems are capable of responding more effectively to disruptions caused by
military conflict, infrastructure damage, or market volatility. The hypothesis
that such an approach improves operational performance has been supported
across multiple analytical and scenario-based evaluations.

Empirical and projected data indicate that digital platforms, Al-
enabled risk management, and integrated logistics hubs significantly reduce
transit times, enhance operational transparency, and strengthen systemic
redundancy. These innovations not only mitigate the immediate conse-
quences of disruptions but also create a foundation for long-term
sustainability and competitiveness. The scenario modelling demonstrates that
even partial implementation of adaptive strategies yields measurable
improvements in resilience indices, highlighting the practical value of these
approaches in both moderate and constrained conditions.

The analysis also underscores the importance of institutional
coordination and public-private collaboration. Adaptive logistics mana-
gement cannot function effectively in isolation from supportive regulatory
frameworks, intersectoral partnerships, and international cooperation. Legal
modernisation, incentives for innovation, and alignment with EU standards
emerge as critical factors that amplify the benefits of digital and
technological interventions. Without these institutional supports, even the
most advanced logistics technologies risk underperforming under crisis
conditions.
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Furthermore, the research illustrates that human capital is a decisive
element in adaptive logistics systems. Training programs, workforce deve-
lopment, and organisational culture shifts toward flexibility and proactive
problem-solving are essential to operationalise the technological and stra-
tegic innovations proposed. Companies and government agencies that invest
in workforce readiness are better positioned to implement adaptive strategies
rapidly and sustain them over time.

The proposed implementation measures — national digital logistics
platforms, dual-use hubs, Al-based risk management, and rapid infrastructure
modernisation — show clear linkages to KPI improvements, including
reductions in transit times, logistics costs, and recovery periods after
disruption. Scenario analysis confirms that, under optimistic conditions, the
combined effects of digital integration, institutional alignment, and adaptive
planning can increase the composite resilience index by more than
20 percentage points, demonstrating the transformative potential of adaptive
logistics management.

Economic and security challenges remain significant, particularly in the
context of ongoing military threats, funding constraints, and variable adoption
of digital technologies. However, the study highlights that adaptive logistics
governance functions as a stabilising mechanism even under pessimistic
conditions, preventing systemic degradation and maintaining essential supply
chain functions. This confirms that the approach is robust, scalable, and capable
of generating tangible benefits regardless of external volatility.

Ultimately, the findings indicate that Ukraine’s logistics sector can
evolve from a reactive, fragmented system into a resilient, digitally
empowered, and strategically coordinated network. Adaptive logistics
management provides a roadmap for achieving this transformation, ensuring
continuity of operations, strengthening national economic performance, and
supporting recovery and growth in post-conflict conditions.

In conclusion, the research validates the hypothesis that adaptive logistics
management significantly improves resilience and operational efficiency. By
combining digitalisation, scenario-based planning, flexible resource allocation,
and institutional synergy, Ukraine can establish a logistics system that is both
responsive to crises and capable of sustaining long-term economic compe-
titiveness. The study offers evidence-based guidance for policymakers,
enterprises, and international partners seeking to strengthen Ukraine’s logistics
infrastructure in a rapidly evolving environment.

Future research should focus on the development of Al-driven
adaptive logistics systems capable of responding to disruptions and
uncertainty in real time. Further studies are needed to evaluate the resilience
and efficiency of multimodal transport networks under wartime and post-war
recovery conditions. Special attention should also be given to the integration
of Ukraine’s logistics infrastructure into European transport corridors and
digital logistics platforms.
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