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Abstract

This paper examines the crucial role of flexibility and adaptability in supply chain management for
ensuring security in the Black Sea region, a strategically important area exposed to multiple
challenges and threats. In a context marked by geopolitical instability and hostile military actions,
the ability to rapidly adapt supply chains is essential for maintaining regional stability. The paper
analyzes the specific threats in the region and explores the flexible and adaptable components of
supply chain management necessary to effectively respond to these challenges. It also discusses the
elements of resilience and risk management that ensure operational continuity and the security of
logistics chains. In conclusion, the paper emphasizes the need for innovative and proactive
approaches to address the complexities of the Black Sea region. It provides recommendations for
improving logistics security in this context.
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Introduction

The Black Sea region, located at the crossroads of Eastern Europe, Central Asia, and the
Middle East, holds significant strategic importance due to its geographical position,
natural resources, and the essential trade routes that pass through it (see Figure 1).
Throughout history, this region has been a meeting point of civilizations, a vital hub for
maritime transport, and a gateway for oil and natural gas pipelines connecting the
energy resources of the Caspian and the Middle East to European markets. Its strategic
significance is underscored by the involvement of major powers in the stability and
security of this region, as the Black Sea plays a crucial role in ensuring access to
resources and influencing the geopolitical dynamics of this part of the world (Yu et al,,
2013).

In the current context, marked by geopolitical instability, regional conflicts, and hostile
military actions, the Black Sea region is exposed to various threats and challenges that
test the capacity of the coastal states to maintain stability and security. This instability
directly impacts supply and delivery chains, making them vulnerable to disruptions
and disturbances, affecting not only the local economy but also global security. From
this perspective, flexibility and adaptability in supply chain management are essential
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for ensuring operational continuity and responding effectively to various challenges
(Korucuk, 2023).
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Figure 1. Maritime transport routes in the Black Sea, using traffic density from July to
September 2024. Source: http://www.shiptraffic.net
(Color code: Red - very high maritime traffic density, Orange - high maritime traffic density,
Yellow - medium maritime traffic density, Green - low maritime traffic density.)

The main objectives of this study are to analyze and assess the crucial role that
flexibility and adaptability play in managing supply and delivery chains in the Black
Sea region. The study will explore the specific threats unique to this region and
examine how flexible and adaptable components of logistics management can
effectively respond to these challenges. Additionally, the paper aims to identify and
analyze the resilience and risk management elements necessary to ensure operational
continuity and supply chain security in the face of emerging threats.

This research employs a mixed methodology, combining qualitative and quantitative
approaches to explore the logistical challenges in the Black Sea region thoroughly. The
quantitative methodology will focus on analyzing statistical data related to transport
and trade flows in the Black Sea region and assessing the impact of geopolitical
instability on these flows. Data will be collected from public sources, such as maritime
traffic and regional economic reports. They will be analyzed using statistical modeling
techniques to evaluate the degree of flexibility and resilience of supply chains.

In conclusion, the study will provide practical and strategic recommendations for
improving logistics security in the Black Sea region, emphasizing the need for
innovative and proactive approaches that enable adaptation to the complexity and
volatility of the current geopolitical environment.
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Literature review

The Black Sea region, characterized by its geopolitical significance and economic
interdependencies, necessitates a robust framework for supply chain management
(SCM) that emphasizes flexibility and adaptability. Recent literature highlights the
critical role of supply chain resilience in navigating the complexities and uncertainties
inherent in this region. Resilience is defined as the capacity of a supply chain to persist,
adapt, or transform in the face of disruptions, which is particularly pertinent given the
geopolitical tensions and environmental risks that can impact supply chain operations
in the Black Sea area (Nikookar & Yanadori, 2021).

The intersection of supply chain resilience and agility is a focal point in contemporary
SCM research. Zahid Piprani et al. (2022) posit that environmental risks significantly
influence the relationship between supply chain agility and performance, underscoring
organizations' need to develop resilience strategies that can mitigate unpredictable
external risks. This is echoed by Zhao (Hsieh et al, 2023), who emphasizes that
enhancing supply chain flexibility is crucial for improving resilience, particularly in the
context of e-commerce enterprises responding to disruptions such as the COVID-19
pandemic. The findings suggest that organizations must prioritize agility and
adaptability to maintain operational continuity and performance in turbulent
environments.

Moreover, the concept of supply chain resilience is further explored through the lens of
relational competencies and stakeholder engagement. Wieland and Wallenburg (2013)
argue that resilience is not merely a function of internal capabilities but is also
significantly influenced by external relationships and collaborations. This relational
view is essential for understanding how supply chains can effectively respond to
disruptions by leveraging partnerships and stakeholder engagement, particularly
relevant in the context of the Black Sea, where cross-border collaborations are vital for
economic stability and security (Wieland & Wallenburg, 2013).

Empirical studies have demonstrated that various factors contribute to developing
supply chain resilience. For instance, Yamin Kazanc¢oglu et al. (2022) identify big data
analytics, risk management orientation, and leadership commitment as critical drivers
of resilience, particularly in emerging economies. These factors enable organizations to
enhance their responsiveness and adaptability to changing conditions, thereby
improving overall supply chain performance.

Integrating sustainability considerations into supply chain resilience is another
emerging theme in the literature. Zhu and Wu Liu (Liu & Liu, 2023) explore the
relationship between supply chain resilience and sustainability, finding that resilient
supply chains are better positioned to achieve economic, social, and environmental
sustainability. This is particularly relevant in the Black Sea region, where supply chain
strategies increasingly prioritize environmental concerns and sustainability initiatives.

The literature underscores the critical importance of flexibility and adaptability in
supply chain management, particularly in the context of the Black Sea region. The
interplay between resilience, agility, and stakeholder engagement emerges as a central
theme, with empirical evidence supporting the notion that organizations must
cultivate these capabilities to navigate the complexities of their operating
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environments effectively. As geopolitical tensions and environmental risks continue to
shape the landscape, developing resilient supply chains will be paramount for ensuring
regional security and stability.

Threats and challenges in the Black Sea region

The Black Sea region has been a complex and challenging geopolitical space since the
20th century, with a series of threats and challenges evolving in the context of political
and social changes. After World War I, the Black Sea became a strategic point of
interest for European powers, particularly due to its position as a crucial access point
to the Mediterranean Sea. This dynamic was further heightened by internal and
external conflicts, such as the Russian Civil War and the rise of the Soviet Union, which
turned the region into a theater of military and political operations. During the Cold
War, the Black Sea was a frontline between NATO and the Warsaw Pact, with security
threats amplified by both blocs' military presence (Cross, 2015; Maisaia, 2024). After
the fall of the Soviet Union, the regions around the Black Sea experienced significant
political instability, with ethnic and territorial conflicts, such as those in Transnistria
and Abkhazia, contributing to an atmosphere of uncertainty and ongoing security
challenges (Cross, 2015; Demirel, 2020).

In the 21st century, challenges in the Black Sea region have intensified, particularly
following Russia's annexation of Crimea in 2014. This event led to an escalation of
tensions between Russia and Ukraine and prompted a reevaluation of security
strategies among regional states and international organizations (Astutik & Ozaltin,
2022). This action was perceived as a direct threat to Ukraine's sovereignty and
generated international reactions, including economic sanctions against Russia and an
increased NATO presence in the region. Additionally, challenges related to illegal
migration, terrorism, and arms smuggling have become increasingly evident,
undermining regional stability and placing pressure on national security systems
(Demirel, 2020; Maisaia, 2024). In addition, environmental issues, such as pollution
and invasive species, have added another threatening dimension, affecting the
environment, the local economy, and fishing resources (Ozkog et al,, 2007; Skolka &
Preda, 2010). Thus, the Black Sea remains a space of complex challenges where
geopolitical, economic, and environmental interactions intertwine, requiring the
international community's coordinated and integrated approach (Koval et al., 2020).

The threats and challenges in the Black Sea region are extremely relevant in the
context of the current geopolitical instability, significantly impacting supply chains.
This region, located at the crossroads of Europe, Asia, and the Middle East, has become
a focal point of geopolitical tensions, particularly following Russia's unjustified
aggression against Ukraine. This aggression has not only destabilized regional security
but also severely impacted local and global economies by disrupting supply chains,
especially in the energy and agricultural sectors (Flanagan et al., 2020).

Geopolitical instability in the Black Sea region is driven by a range of threats, including
armed conflicts, terrorism, illegal migration, and arms smuggling. These threats
undermine regional security and contribute to an atmosphere of uncertainty that
affects economic and commercial decisions. For example, recent studies suggest that
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geopolitical risks significantly negatively impact tourism, with a direct correlation
between the increase in geopolitical risks and the decrease in the number of tourists
(Herman, 2023; Kazakova & Kim, 2021). This dynamic underscores the
interdependence between regional security and economic stability.

Another important aspect of the instability in the Black Sea region is the geopolitical
influence of major powers, particularly Russia and NATO. Russia, through its
aggressive actions, has turned the Black Sea into a theater of military operations,
leading to heightened tensions with NATO and a reconfiguration of regional alliances.
(Flanagan et al., 2020). These tensions not only affect regional security but also have
direct implications for supply and delivery chains, particularly regarding the
transportation of energy resources and agricultural products (see Figure 2).

Additionally, the economic challenges generated by geopolitical instability are
exacerbated by global economic uncertainty. Geopolitical risks have been correlated
with fluctuations in commodity prices, particularly in the energy sector, where such
events can cause significant volatility (Caldara & lacoviello, 2022; Mutascu, 2024). This
volatility affects not only local economies but also international markets, impacting
global food and energy prices.
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Figure 2. Wheat price on the stock exchange from 2021 to 2024.
Source: https://tradingeconomics.com/

Significant increases in wheat futures prices can be observed immediately following
the initiation of hostilities on February 24, 2022, by the Russian military in Ukraine,
rising from USD 800/bu to nearly USD 1200/bu. (USD/bu - U.S. dollars per bushel; a
bushel is an imperial volume unit commonly used in the U.S., approximately 27.2155
kg for wheat. Additionally, challenges related to illegal migration and border security
are exacerbated by the instability in the region. Armed conflicts and humanitarian
crises have led to an influx of refugees, placing additional pressure on the countries
surrounding the Black Sea (Popescu, 2021). This complicates the management of
regional security and impacts the economic stability of host countries, which face
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challenges in integrating these populations and providing the necessary resources to
support them.

Flexibility and adaptability in supply chain management

Flexibility and adaptability in supply chain management are essential concepts in
military logistics, significantly impacting the efficiency of military operations. These
concepts refer to the ability to respond quickly and effectively to environmental
changes, operational requirements, and emerging challenges. Flexibility pertains to the
ability to modify existing processes and structures to meet diverse demands, while
adaptability involves the capacity to learn from past experiences and implement
innovative solutions to address future challenges (A¢imovi¢, 2021; Sokri, 2014).

A crucial aspect of flexibility in the military supply chain is the effective integration of
resources and emerging technologies. For example, utilizing advanced transportation
systems and high-performance vehicles can significantly enhance the speed and
efficiency of military logistics (Halizahari et al., 2022). Additionally, technologies such
as blockchain can enhance traceability and transparency in supply chains, facilitating
better management of resources and information. These technological innovations not
only improve operational efficiency but also contribute to increasing the supply chain's
resilience, enabling it to adapt to disruptions and recover swiftly from crisis situations
quickly (Carvalho et al., 2012).

Another essential element of flexibility and adaptability in military logistics is the
collaboration between the civilian and military sectors. This integration allows for
more efficient use of available resources and facilitates the exchange of information
and best practices between the two domains (Qi, 2023; Wang, 2021). Collaboration not
only enhances logistical performance but also contributes to the development of
innovative solutions that can be applied in various operational contexts. For example,
during the COVID-19 pandemic, military supply chains demonstrated remarkable
flexibility by quickly adapting to new operating conditions and collaborating closely
with civilian suppliers to ensure the necessary deliveries (Milandru & Alexandrescu,
2024).

Additionally, performance evaluation of the supply chain is a critical aspect of military
logistics management. Utilizing modeling and simulation techniques to assess
performance can help identify weaknesses and optimize logistical processes (Jones et
al,, 2021). These evaluations not only facilitate continuous improvement of operations
but also help in developing proactive strategies to address future challenges. For
instance, assessing the efficiency of military supply networks can provide valuable
insights for logistical decisions, thereby contributing to better preparedness and
response to emergencies (Xiong et al., 2017).

Risk management and resilience - strategies for ensuring operational continuity
Risk management and resilience within the flexibility and adaptability of supply chain

management are essential for ensuring security in the Black Sea region, especially in
the context of the current conflict between Russia and Ukraine. This strategic area
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faces complex challenges, including direct military threats, political instability, and
economic risks, which require viable and effective solutions (Dumitru, 2021).

A crucial aspect of risk management is continuously assessing threats and
vulnerabilities specific to the region. In this regard, it is important to develop a
monitoring system that allows for the rapid identification of emerging risks, such as
cyberattacks or disruptions in supply chains caused by armed conflicts (Aldea, 2023).
For example, the geopolitical analysis of Russia in the Black Sea highlights the
importance of energy resources and military influence, suggesting that states in the
region must be prepared for various crisis scenarios (Dumitru, 2021).

To build effective resilience, states in the region need to collaborate closely through
joint security initiatives. These initiatives can include joint military exercises,
information sharing, and the development of coordinated response protocols to
address threats (Manailescu, 2023). Additionally, partnerships with international
organizations, such as NATO, can provide Black Sea riparian states with a framework
of support and the resources needed to address emerging challenges (Tatomir, 2022).
Another critical element is the diversification of supply sources and the establishment
of strategic reserves. In the context of the conflict in Ukraine, it is crucial for states in
the Black Sea region to diversify their energy and raw materials sources to reduce
dependence on Russian resources (see Figure 3) (Aldea, 2023). This may include the
development of alternative transportation and supply infrastructures, as well as
investments in renewable energy sources (Manolache, 2023).
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Figure 3. Value of international trade in goods between the European Union and Russia
from 2021 to 2024. Source: chart generated by the author on the platform
https://ec.europa.eu/eurostat

Emerging technologies can play a crucial role in enhancing risk management and
resilience in the supply chain (Minculete et al., 2022). The use of artificial intelligence
(AI) and data analytics systems can help anticipate risks and optimize logistical
processes (Babos, 2021). For example, implementing blockchain solutions can enhance
transparency and security of information in the supply chain, thereby facilitating rapid
response in the event of incidents (Atanasiu, 2023).
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Additionally, risk management needs to be integrated at all decision-making levels
within both military and civilian organizations involved in the supply chain (Minculete
& Barsan, 2023). This means leaders must be aware of potential risks and develop an
organizational culture encouraging risk reporting and management (Barca, 2021).
Such a culture can enhance the flexibility and adaptability of organizations, allowing
them to respond quickly to environmental changes.

Strategies for ensuring operational continuity in the context of the Black Sea conflict
include implementing business continuity plans that are tested and updated
periodically. These plans should include crisis scenarios and well-defined response
measures, which should be communicated to all involved parties (Bulat, 2017).
Developing strategic partnerships with suppliers and other organizations is essential
to ensure a rapid and coordinated response to crises (Vevera et al., 2022).

Conclusions and recommendations

The ongoing conflict between Russia and Ukraine has highlighted significant
vulnerabilities within the management of supply chain and delivery systems in the
Black Sea region. To ensure regional stability and security, it is essential to conduct
continuous risk assessments, which should include monitoring military threats,
cyberattacks, and economic instability. These assessments must be dynamic, adapting
to the ever-changing geopolitical landscape and emerging risks. Developing a
comprehensive regional risk monitoring system that involves collaboration among
Black Sea states, international organizations, and security experts would facilitate
periodic threat analyses and vulnerability assessments, thereby contributing to the
effective coordination of responses and rapid preparedness of regional states in the
face of crises.

Simultaneously, the conflict has underscored the necessity of diversifying supply
sources to reduce dependence on resources from Russia. This diversification is crucial
for both the energy security of Black Sea states and the enhancement of resilience in
supply chain and delivery systems against disruptions caused by conflicts or political
instability. To this end, regional countries should invest in alternative transportation
and supply infrastructures and increase their reliance on renewable energy sources.
Furthermore, partnerships with suppliers from other regions should be strengthened
to facilitate a diversified and secure supply system capable of withstanding external
shocks.

Another critical aspect in improving risk management and resilience in supply chain
and delivery systems is the integration of emerging technologies, such as artificial
intelligence and blockchain. These technologies have the potential to provide
predictive analytics and enhance transparency within supply chains, allowing for
quicker and more effective responses to challenges. Organizations in the Black Sea
region, both military and civilian, should prioritize the integration of these advanced
technological solutions into their risk management strategies. To ensure the successful
implementation of these technologies, it is important to invest in training and
development programs for personnel, equipping them with the necessary skills to fully
leverage these tools in crisis management and operational risk reduction.
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In conclusion, a proactive and coordinated approach is essential to address the Black
Sea region's complex risks. By implementing continuous risk assessments, diversifying
supply sources, and adopting emerging technologies, states in this area can enhance
both their security and resilience. These efforts will not only help mitigate the impact
of current geopolitical conflicts but also strengthen the region's long-term economic
and social stability.
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