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Abstract: Global supply chains have become increasingly vulnerable to recurrent disruptions
arising from pandemics, geopolitical conflicts, infrastructure bottlenecks, technological risks,
energy instability, and climate change. These disruptions have exposed structural weaknesses in
traditional efficiency-driven logistics systems and intensified the need for resilience - oriented
strategies. This study examines global strategies for enhancing logistics resilience in the face of
supply chain disruptions, drawing on a secondary-based analytical approach and comparative
regional analysis. The study synthesizes scholarly definitions of logistics resilience and situates
them within established theoretical frameworks, including the Resource-Based View, Dynamic
Capabilities Theory, and Systems Theory, to explain how organizations and countries adapt to
shocks. Using thematic content analysis and comparative analysis, the study evaluates major global
disruption events such as the COVID-19 pandemic, the Russia — Ukraine conflict, the Suez Canal
blockage, semiconductor shortages, and climate-induced port shutdowns. The findings reveal that
logistics resilience is multidimensional, underpinned by digital transformation, supply chain
diversification, strategic inventory buffering, collaborative partnerships, and resilient transport
infrastructure. Comparative evidence indicates that North America, Europe, and parts of Asia
exhibit higher logistics resilience due to strong digital readiness, infrastructure strength, policy
support, and private-sector agility, while African logistics systems, including Nigeria’s, remain
more vulnerable despite emerging adaptive strategies. The study further highlights that logistics
resilience is achievable but unevenly distributed, largely influenced by institutional capacity,
technological adoption, and coordinated governance. The paper concludes that integrating digital
innovation with infrastructural investment and policy coherence is critical for building resilient
logistics systems, particularly in developing economies. Policy and managerial implications are
discussed, emphasizing the need for region-specific resilience strategies in an increasingly
uncertain global environment.
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1.1 Backgrounds to the Study

Resilience has emerged as a central concept in contemporary
management and economic discourse, particularly in the context of
recurring global supply chain disruptions. Scholarly literature
generally defines resilience as the capacity of a system to
anticipate, absorb, adapt to, and recover from shocks while
maintaining its core functions. Holling (1973) conceptualizes
resilience as the ability of a system to withstand disturbances
without collapsing into an alternative state, while Walker et al.
(2004) extend this notion by emphasizing adaptability and
transformability in the face of persistent shocks. From an
organizational perspective, resilience reflects a firm’s ability to
respond proactively to uncertainty, reconfigure resources, and
sustain performance during and after disruptions (Lengnick-Hall,
Beck & Lengnick-Hall, 2011). These foundational definitions
provide the conceptual basis for understanding resilience within
logistics and supply chain systems.

Logistics resilience, as a derivative of the broader resilience
concept, refers specifically to the ability of logistics systems,
networks, and processes to resist, absorb, and recover from
disruptions while ensuring the continuous flow of goods,
information, and services. Ponomarov and Holcomb (2009) define
logistics resilience as the adaptive capability of logistics systems to
prepare for unexpected events, respond to disruptions, and recover
to a stable or improved state of operation. Similarly, Christopher
and Peck (2004) argue that logistics resilience is rooted in
visibility, flexibility, and collaboration across supply chain
networks, while Sheffi and Rice (2005) emphasize redundancy and
agility as critical pillars of resilient logistics systems. These
perspectives collectively suggest that logistics resilience is not
merely about recovery after disruption but also about preparedness,
adaptability, and long-term sustainability.

The growing relevance of logistics resilience is closely linked to
the frequency and intensity of global supply chain disruptions
arising from pandemics, geopolitical conflicts, climate change, port
congestion, cyberattacks, and trade policy shifts. Empirical
evidence from the COVID-19 pandemic demonstrates that
countries and firms with digitally integrated and diversified
logistics networks recovered faster from supply shocks than those
with rigid, centralized systems (lvanov & Dolgui, 2020; WTO,
2021). Consequently, global strategies for enhancing logistics
resilience have increasingly focused on digital transformation,
supply chain diversification, infrastructure modernization,
collaborative governance, and policy alignment. Digital
technologies such as artificial intelligence, blockchain, and Internet
of Things applications have been shown to enhance real-time
visibility and predictive capabilities, thereby reducing uncertainty
and improving responsiveness to disruptions (Kache & Seuring,
2017; Queiroz et al., 2021). In the same vein, diversification
strategies  including  multi-sourcing,  nearshoring,  and
regionalization have been empirically linked to reduced
dependency risks and improved logistics continuity, particularly in
manufacturing and agri-food supply chains (Gereffi, 2020;
Baldwin & Freeman, 2022).

The linkage between logistics resilience and global strategies is
further reinforced by dynamic capabilities theory, which posits that
organizations and economies that can sense, seize, and reconfigure
resources are better positioned to cope with environmental
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turbulence (Teece, 2007). Countries that invest in resilient logistics
infrastructure, flexible regulatory frameworks, and public—private
partnerships tend to demonstrate stronger adaptive capacity during
global shocks. For example, empirical studies show that European
Union investments in multimodal transport corridors and smart
ports significantly improved logistics recovery times following
pandemic-related disruptions (Notteboom, Pallis & Rodrigue,
2021). Similarly, China’s extensive investment in logistics
digitalization and infrastructure under the Belt and Road Initiative
has enhanced network redundancy and cross-border logistics
resilience, enabling faster trade normalization after disruptions
(Wang & Yeo, 2022).

When logistics resilience is domesticated within the Nigerian
context, it reflects both structural constraints and emerging
adaptive opportunities. Nigeria’s logistics system is characterized
by heavy reliance on road transport, limited rail connectivity, port
inefficiencies, infrastructural deficits, and regulatory bottlenecks,
which collectively undermine resilience during shocks (World
Bank, 2023). Empirical evidence indicates that port congestion at
Apapa and Tin Can Island significantly increases logistics costs
and delays, particularly during periods of global disruption, thereby
weakening supply chain reliability (Adebayo & Adeyemi, 2021).
However, recent reforms such as port concessioning, electronic
call-up systems, expansion of inland dry ports, and investments in
rail logistics corridors demonstrate gradual movement toward
resilience-enhancing strategies. Studies suggest that firms
operating in Nigeria increasingly adopt informal diversification
strategies, such as multiple transport routes and decentralized
warehousing, to cope with infrastructural and policy uncertainties
(Oyelaran-Oyeyinka & Lal, 2016).

Comparatively, Nigeria’s logistics resilience mirrors challenges
observed across many African countries, including Ghana, Kenya,
and Ethiopia, where infrastructural gaps, financing constraints, and
institutional weaknesses limit adaptive capacity. Empirical
analyses reveal that African logistics systems generally exhibit low
redundancy and limited digital integration, making them more
vulnerable to external shocks than those in advanced economies
(AfDB, 2022). Nevertheless, countries such as Rwanda and
Morocco demonstrate that targeted investments in logistics hubs,
customs automation, and regional trade facilitation can
significantly enhance resilience despite resource constraints
(UNECA, 2021). These experiences highlight that resilience is not
solely a function of income level but also of strategic policy
prioritization.

In contrast, selected countries in Europe and North America
display relatively higher logistics resilience due to diversified
transport modes, advanced digital systems, and coordinated policy
responses. The United States, for instance, leveraged its extensive
rail and inland waterway networks to rebalance freight flows
during port disruptions, while federal supply chain task forces
facilitated cross-sector coordination during the pandemic (Sheffi,
2020). Similarly, European countries benefited from integrated
transport systems and regulatory harmonization, which enhanced
cross-border logistics flexibility during crises. China’s model
differs in scale and state coordination, as empirical studies show
that centralized planning and large-scale infrastructure investments
enabled rapid reconfiguration of logistics flows during lockdowns,
although concerns remain regarding overcapacity and systemic risk
concentration (Zhang et al., 2021).
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Despite the growing consensus on the importance of logistics
resilience, scholarly debates persist regarding its feasibility and
desirability. Proponents argue that logistics resilience enhances
economic stability, reduces vulnerability to shocks, and supports
sustainable development, particularly in an era of global
uncertainty (Christopher & Holweg, 2017). Empirical studies
consistently demonstrate positive relationships between resilience
investments and supply chain performance, risk mitigation, and
recovery speed (Ambulkar, Blackhurst & Grawe, 2015).
Conversely, critics contend that resilience strategies such as
redundancy and diversification increase operational costs and may
reduce efficiency, particularly for developing economies with
limited fiscal space (lvanov, 2021). There is also concern that
excessive localization or reshoring could undermine global trade
efficiency and increase consumer prices, thereby creating new
economic distortions (OECD, 2021).

Empirical evidence suggests that logistics resilience is achievable
by countries worldwide, although the pathways differ based on
institutional capacity, resource endowment, and development
stage. While advanced economies rely heavily on digital
sophistication and infrastructure depth, developing countries such
as Nigeria can pursue adaptive resilience through incremental
reforms, regional integration, public—private collaboration, and
targeted investments in critical logistics nodes. Lessons from
global and African experiences indicate that resilience is most
effective when embedded within long-term strategic planning
rather than reactive crisis management. Thus, logistics resilience
should be viewed not as a static end-state but as a continuous
process of learning, adaptation, and transformation in response to
evolving global risks.

1.2. Statement of the Problem

Supply chain disruptions have evolved from episodic operational
challenges into a persistent global problem that threatens economic
stability, trade efficiency, and organizational survival across both
developed and developing economies. Scholarly evidence suggests
that the increasing complexity, globalization, and interdependence
of modern supply chains have amplified vulnerability to external
shocks, such that disruptions in one region now transmit rapidly
across borders and industries (Christopher & Peck, 2004; lvanov,
2020). As global production networks have become more
fragmented and lean, with heavy reliance on just-in-time systems
and single-source suppliers, the capacity of logistics systems to
absorb and recover from shocks has been significantly weakened,
thereby elevating supply chain disruptions to a systemic global
issue rather than isolated national events (Sheffi & Rice, 2005;
Gereffi, 2020).

The COVID-19 pandemic represents a defining moment in the
manifestation of global supply chain disruptions, as it
simultaneously affected supply, demand, labor availability,
transportation, and regulatory environments. Empirical studies
indicate that pandemic-induced lockdowns led to factory
shutdowns, border closures, and severe labor shortages, which
disrupted production flows and delayed the movement of goods
worldwide (lvanov & Dolgui, 2020; Baldwin & Freeman, 2022).
Moreover, sudden shifts in consumer demand, particularly for
medical supplies, food products, and essential goods, exposed the
fragility of highly optimized logistics systems that lacked
redundancy and flexibility. The pandemic thus revealed structural
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weaknesses in global supply chains, demonstrating how health
crises can cascade into logistics failures and prolonged economic
disruptions (WTO, 2021).

Geopolitical instability, particularly the Russia—Ukraine war, has
further intensified global supply chain disruptions by undermining
energy security, food supply chains, and transportation routes.
Scholarly analyses show that the conflict disrupted the supply of
critical commaodities such as wheat, fertilizer, oil, and natural gas,
leading to price volatility and production constraints across
Europe, Africa, and parts of Asia (OECD, 2022; UNCTAD, 2022).
In addition, sanctions, trade restrictions, and the reconfiguration of
sourcing routes increased transportation distances and costs,
thereby placing additional strain on global logistics networks. The
war illustrates how geopolitical conflicts can trigger simultaneous
shocks to supply availability, logistics infrastructure, and global
trade flows, amplifying systemic disruption beyond the immediate
conflict zone (Gereffi, 2022).

Port congestion has also emerged as a significant contributor to
global supply chain disruption, particularly in an era of
containerized shipping and maritime trade dependence. Empirical
studies document how congestion at major ports, driven by labor
shortages, infrastructure limitations, and surges in cargo volumes,
resulted in vessel delays, container shortages, and increased freight
rates during and after the pandemic period (Notteboom, Pallis &
Rodrigue, 2021). Because maritime transport accounts for over 80
percent of global trade by volume, inefficiencies at key ports such
as those in North America, Europe, and Asia rapidly transmitted
delays across inland logistics systems, manufacturing schedules,
and retail supply chains, thereby magnifying the global scale of
disruption (UNCTAD, 2021).

Energy crises have further compounded supply chain disruptions
by increasing production and transportation costs while reducing
operational reliability. Scholarly evidence indicates that volatility
in oil, gas, and electricity markets, exacerbated by geopolitical
tensions and post-pandemic demand surges, has raised logistics
costs and constrained industrial output across multiple sectors
(IEA, 2022; Baffes et al., 2023). Since logistics operations are
energy-intensive, disruptions in energy supply directly affect
warehousing, cold chains, freight transport, and port operations,
thereby reinforcing supply chain instability. The energy crisis thus
interacts with transportation and production systems to deepen
global logistics disruptions.

Cyber risks have emerged as a relatively new but increasingly
significant source of supply chain disruption in the digital era. As
logistics systems become more dependent on digital platforms,
cloud computing, and real-time data exchange, cyberattacks on
ports, shipping lines, and logistics service providers have
demonstrated the capacity to halt operations and compromise
supply chain visibility (Boyson, 2014; Sheffi, 2020). Empirical
cases, such as cyber incidents affecting global shipping firms,
reveal that digital vulnerabilities can disrupt physical flows of
goods, delay customs processing, and undermine coordination
across supply networks. These risks highlight the paradox of
digitalization, whereby technologies that enhance efficiency
simultaneously introduce new forms of systemic fragility.

Climate change has further intensified global supply chain
disruptions through the increasing frequency and severity of
extreme weather events, including floods, hurricanes, droughts,
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and heatwaves. Scholarly research shows that climate-induced
disruptions damage transport infrastructure, reduce agricultural
output, and interrupt energy supply, thereby affecting logistics
systems across regions and industries (Kahn et al., 2021; IPCC,
2022). As climate risks become more unpredictable, supply chains
that lack adaptive logistics planning face prolonged disruptions and
escalating recovery costs, particularly in climate-vulnerable
regions such as Africa and Southeast Asia.

Individually, each of these factors represents a significant source of
disruption; however, their combined and interacting effects have
intensified the scale and persistence of global supply chain
instability. The concurrence of health crises, geopolitical conflicts,
energy volatility, cyber threats, port inefficiencies, and climate
shocks has created overlapping disruptions that strain logistics
systems beyond their traditional coping mechanisms (lvanov,
2021). The manifestation of this problem is evident in rising
logistics costs, prolonged delivery times, inventory shortages,
production shutdowns, inflationary pressures, and declining trade
performance across global markets. Consequently, supply chain
disruptions have become a defining challenge of the contemporary
global economy, underscoring the urgent need for resilient logistics
strategies capable of withstanding both isolated shocks and
compound global crises.

2.1. Conceptual Review

Logistics Resilience

Logistics resilience has gained significant scholarly attention as
global supply chains have become increasingly exposed to
uncertainty, volatility, and systemic shocks. Broadly, logistics
resilience is rooted in the general concept of resilience, which
emphasizes the ability of systems to withstand, adapt to, and
recover from disruptions. Holling (1973) originally defines
resilience as the capacity of a system to absorb disturbances and
still retain its basic structure and function, while this foundational
idea has been extended to organizational and supply chain
contexts. Within logistics and supply chain management, resilience
is understood not merely as recovery after disruption but as a
dynamic capability that encompasses preparedness,
responsiveness, adaptability, and long-term sustainability.

From a logistics perspective, Ponomarov and Holcomb (2009)
define logistics resilience as the adaptive capability of logistics
systems to anticipate unexpected events, respond effectively to
disruptions, and recover to a desired level of performance. This
definition underscores the importance of proactive planning and
reactive response in maintaining logistics continuity. Similarly,
Christopher and Peck (2004) conceptualize logistics resilience as
the capacity of supply chain networks to resist and recover from
disruptions  through enhanced visibility, flexibility, and
collaboration among key actors. Their perspective highlights the
networked nature of logistics systems and the role of inter-
organizational coordination in building resilience.

Sheffi and Rice (2005) further argue that logistics resilience is
anchored in both robustness and agility, where robustness reflects
the ability to continue operations during disruption, while agility
represents the speed and effectiveness of recovery. This dual
perspective suggests that resilient logistics systems must balance
redundancy and efficiency, particularly in the face of unpredictable
shocks. Lengnick-Hall, Beck, and Lengnick-Hall (2011) extend
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this understanding by viewing resilience as a multidimensional
capability that enables organizations to absorb strain, adapt to
change, and emerge stronger from disruptive events. Applied to
logistics, this implies that resilience involves continuous learning,
process reconfiguration, and strategic renewal.

Recent empirical studies emphasize the role of digitalization and
flexibility in strengthening logistics resilience. lvanov and Dolgui
(2020) describe logistics resilience as the ability of supply
networks to dynamically reconfigure structures and flows in
response to disruptions, enabled by real-time data and advanced
analytics. Likewise, Tukamuhabwa et al. (2015) argue that resilient
logistics systems are characterized by flexibility, redundancy,
collaboration, and visibility, which collectively enhance the
capacity to cope with both short-term shocks and long-term
uncertainties. Collectively, these scholarly definitions converge on
the view that logistics resilience is a strategic, adaptive, and
systemic capability that allows logistics networks to sustain
performance under disruptive conditions.

Supply Chain Disruptions

Supply chain disruptions refer to unplanned and unexpected events
that interrupt the normal flow of goods, information, and services
within supply chain networks, thereby undermining operational
performance and value creation. Craighead et al. (2007) define
supply chain disruptions as events that significantly deviate from
expected operations and negatively affect the ability of a supply
chain to deliver products or services. Similarly, Wagner and Bode
(2008) describe disruptions as low-probability but high-impact
events that can propagate across interconnected supply chain
nodes, leading to widespread operational and financial
consequences.

The sources of supply chain disruptions are diverse and
increasingly interconnected due to globalization and digital
integration. One major source arises from natural and
environmental factors, including extreme weather events, natural
disasters, and climate variability, which can damage infrastructure,
disrupt transportation routes, and constrain production capacity
(Kahn et al., 2021; IPCC, 2022). Economic sources of disruption
include market volatility, inflation, energy price fluctuations, and
financial crises, all of which affect production costs, transportation
expenses, and consumer demand patterns (Baffes et al., 2023).
Political and geopolitical sources also play a critical role, as wars,
trade restrictions, sanctions, and policy uncertainty can abruptly
alter trade flows and logistics routes, thereby destabilizing global
supply chains (Gereffi, 2022; OECD, 2022).

Technological sources of supply chain disruption have become
increasingly prominent in the digital era. Cyberattacks, system
failures, and data breaches can paralyze logistics operations,
disrupt communication among supply chain partners, and
compromise visibility and coordination (Boyson, 2014; Sheffi,
2020). While digital technologies enhance efficiency and
connectivity, they also introduce new vulnerabilities that can
amplify the scale and speed of disruptions.

Based on these sources, supply chain disruptions are commonly
categorized into natural, economic, political, and technological
types. Natural disruptions include climate-related events such as
floods, hurricanes, droughts, and earthquakes, which physically
impede logistics infrastructure and production systems. Economic
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disruptions encompass shocks arising from recessions, inflation,
currency instability, and energy crises, which indirectly constrain
logistics operations through rising costs and reduced demand.
Political disruptions involve wars, trade disputes, regulatory
changes, and border closures, which can abruptly reconfigure
global trade and logistics networks. Technological disruptions
include cyber incidents, digital system failures, and technological
obsolescence, which interrupt the flow of information and
coordination that modern logistics systems depend upon.

Although these types of disruptions can occur independently,
scholarly evidence suggests that they often interact and reinforce
one another, creating compound and cascading effects across
global supply chains (lvanov, 2021). This interconnectedness
underscores the growing complexity of managing logistics systems
in a volatile global environment and reinforces the importance of
logistics resilience as a strategic response to diverse and
overlapping sources of supply chain disruption.

2.2. Theoretical Frameworks

The analysis of logistics resilience in the context of global supply
chain disruptions is anchored on key theoretical perspectives that
explain how organizations and economies build, sustain, and
reconfigure capabilities in volatile environments. The Resource-
Based View, Dynamic Capabilities Theory, and Systems Theory
collectively provide a robust conceptual foundation for
understanding the sources of logistics resilience and the
mechanisms through which it can be enhanced.

The Resource-Based View (RBV) posits that an organization’s
competitive advantage and long-term performance are derived
from the possession and effective deployment of valuable, rare,
inimitable, and non-substitutable resources (Barney, 1991). Within
logistics and supply chain management, RBV suggests that
resilience emerges from strategic logistics resources such as
advanced infrastructure, skilled human capital, information
systems, relational networks, and proprietary technologies.
Scholars argue that logistics firms and countries with superior
transport infrastructure, warehousing capacity, digital platforms,
and institutional knowledge are better positioned to withstand and
recover from disruptions because these resources are difficult for
competitors to replicate (Wernerfelt, 1984; Grant, 2019). Empirical
studies further indicate that firms with strong logistics assets and
collaborative supplier relationships demonstrate higher levels of
disruption tolerance and faster recovery times, thereby supporting
the RBV assertion that resource endowment is central to resilience
outcomes (Ambulkar, Blackhurst & Grawe, 2015). However, RBV
has been critiqued for its relatively static nature, as it places greater
emphasis on resource possession than on the ability to adapt those
resources in rapidly changing environments, which is a key
challenge in contemporary global logistics systems.

Dynamic Capabilities Theory extends the Resource-Based View by
emphasizing the ability of organizations and systems to integrate,
build, and reconfigure internal and external competencies in
response to environmental turbulence (Teece, Pisano & Shuen,
1997). From this perspective, logistics resilience is not only a
function of existing resources but also of the capacity to sense
emerging risks, seize strategic opportunities, and transform
logistics structures and processes accordingly (Teece, 2007).
Scholars argue that resilient logistics systems are characterized by
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adaptive routing, flexible sourcing, real-time decision-making, and
rapid reconfiguration of transport and distribution networks during
disruptions (lvanov & Dolgui, 2020). Empirical evidence supports
this view by demonstrating that firms and countries that invest in
digital visibility, predictive analytics, and collaborative planning
are more capable of adjusting logistics flows under crisis
conditions, thereby minimizing disruption impacts (Kache &
Seuring, 2017). Dynamic capabilities theory therefore provides a

powerful lens for understanding how logistics resilience is
continuously developed and renewed rather than statically
maintained.

Systems Theory offers a holistic framework for analyzing logistics
resilience by viewing supply chains and logistics networks as
interconnected systems composed of interdependent actors,
processes, and infrastructures. Rooted in the work of von
Bertalanffy (1968), systems theory emphasizes that changes or
disruptions in one part of a system can generate ripple effects
throughout the entire network. Applied to logistics, this perspective
highlights the systemic nature of supply chain disruptions, where
failures at ports, transport corridors, energy supply nodes, or digital
platforms can cascade across multiple sectors and regions
(Christopher & Peck, 2004). Scholars argue that logistics
resilience, from a systems perspective, depends on feedback
mechanisms, redundancy, modularity, and coordination across
system components, rather than isolated firm-level interventions
(Helbing, 2013). Empirical studies reveal that supply chains
designed with decentralized decision-making, diversified transport
modes, and strong information-sharing mechanisms are better able
to absorb shocks and prevent systemic collapse (Notteboom, Pallis
& Rodrigue, 2021).

3. Method of Analysis

This study adopts thematic content analysis and comparative
analysis as the primary methods for examining logistics resilience
in the context of global supply chain disruptions. These analytical
approaches are particularly suitable for secondary-based research,
as they allow for systematic interpretation, synthesis, and
comparison of existing scholarly and institutional evidence.

Thematic content analysis is employed to identify, organize, and
interpret recurring patterns, concepts, and arguments within the
reviewed literature on logistics resilience and supply chain
disruptions (Braun & Clarke, 2006). In this study, peer-reviewed
journal articles, policy reports, and institutional publications were
carefully examined to extract key themes such as sources of supply
chain disruptions, dimensions of logistics resilience, and global
strategies for resilience enhancement. Through this process,
underlying relationships between disruptions and resilience
strategies were critically analyzed, thereby allowing for a deeper
understanding of how logistics systems respond to both isolated
and compound shocks. The use of thematic content analysis also
facilitates the integration of multidisciplinary insights, ensuring
that economic, technological, political, and environmental
dimensions of logistics resilience are adequately captured.

Complementing thematic content analysis, comparative analysis is
utilized to examine similarities and differences in logistics
resilience strategies across countries and regions. This approach
enables a structured comparison of how different national and
regional logistics systems respond to supply chain disruptions,
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taking into account variations in institutional capacity,
infrastructure development, policy frameworks, and technological
adoption. Scholarly literature suggests that comparative analysis
enhances analytical rigor by revealing contextual factors that shape
resilience outcomes and by identifying best practices transferable
across settings (Ragin, 2014). In this study, comparative analysis is
applied to contrast the logistics resilience experiences of Nigeria
and selected African countries with those of advanced economies
in China, Europe, and North America. This comparative
perspective allows for the identification of common resilience
drivers as well as context-specific constraints, thereby highlighting
both convergence and divergence in global logistics resilience
pathways.

The integration of thematic content analysis and comparative
analysis strengthens the analytical framework of the study by
enabling both depth and breadth of understanding. While thematic
analysis provides insight into dominant patterns and strategic
responses within the literature, comparative analysis situates these

patterns within broader regional and institutional contexts.
Together, these methods support a nuanced and evidence-based
examination of logistics resilience, ensuring that conclusions are
grounded in systematic interpretation and cross-contextual
comparison of existing empirical and theoretical research.

4.1. Global Supply Chain
(Contextual Analysis)

Disruptions

Global supply chain disruptions have intensified over the last
decade, with multiple high-impact events revealing the structural
fragility and interconnectedness of modern logistics systems. The
trends illustrated in the accompanying table and charts demonstrate
that these disruptions differ in severity, duration, and scope, yet
jointly contribute to a prolonged state of global supply chain
instability. The evidence suggests that while some disruptions are
acute and short-lived, others generate long-term systemic effects
that reshape global logistics networks. The contextual facts are
detailed in the stylized facts below:

Relative Impact Severity of Global Supply Chain Disruptions

Fig 1.1: Relative Impact Severity of Global Supply Chain Disruptions.

Source: Authors Computation (2025)

The Fig 1.1 on the relative impact severity of global supply chain
disruptions provides a comparative visualization of how major
disruptive events differ in the magnitude of their effects on global
logistics systems. Statistically, the chart indicates that the COVID-
19 pandemic records the highest impact severity index,
approaching the upper bound of the scale, which confirms
empirical findings that identify the pandemic as the most disruptive
global event to supply chains in modern history. Studies show that
global merchandise trade declined by approximately 5.3 percent in
2020, while global manufacturing output contracted sharply due to
synchronized lockdowns across major production hubs in Asia,
Europe, and North America (WTO, 2021; UNCTAD, 2021). The
high severity score is statistically supported by evidence of
widespread factory shutdowns, port closures, labor shortages, and
transport capacity reductions that occurred simultaneously, thereby
generating a systemic shock rather than a localized disruption.

27

The Russia—Ukraine conflict occupies the second-highest position
on the bar chart, reflecting a substantial but comparatively lower
impact severity than COVID-19. Empirical data indicate that the
conflict disrupted over 30 percent of global wheat exports and
significantly constrained global supplies of natural gas, crude oil,
and fertilizers, leading to sharp increases in energy and food prices
worldwide (FAO, 2022; OECD, 2022). The severity index
captured in the chart is statistically justified by the surge in global
energy prices, which rose by more than 60 percent in 2022, and the
resulting escalation in transportation and production costs across
supply chains.  Although the conflict is geographically
concentrated, its transmission through energy and commodity
markets explains its high relative impact on global logistics
performance.

The semiconductor shortages display a moderately high impact
severity, closely following the Russia—Ukraine conflict. Statistical
evidence shows that global vehicle production declined by over 10
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million units between 2020 and 2022 due to chip shortages, while
lead times for semiconductor deliveries increased from an average
of 12 weeks pre-pandemic to over 26 weeks at the peak of the
disruption (McKinsey, 2022). The bar chart’s representation of this
disruption reflects its cross-sectoral impact, as shortages affected
automotive, electronics, healthcare equipment, and industrial
machinery supply chains simultaneously. Unlike sudden shocks,
the sustained production losses associated with semiconductor
shortages justify their elevated severity score.

The climate-induced port shutdowns category shows a slightly
lower but still significant impact severity, which aligns with
empirical observations that extreme weather events increasingly
disrupt maritime logistics. Data from UNCTAD indicate that
weather-related disruptions caused delays or shutdowns in major
ports across the United States, Asia, and Europe, with climate-
related events accounting for nearly 20 percent of port operation
interruptions between 2019 and 2023 (UNCTAD, 2023). The

statistical severity captured in the bar chart reflects not only the
immediate operational stoppages but also the cumulative effect of
recurring climate shocks on port reliability, vessel schedules, and
hinterland connectivity.

The Suez Canal blockage registers the lowest impact severity
among the disruptions depicted in the chart, although its effect
remains non-trivial. Empirical estimates suggest that the six-day
blockage delayed approximately 12 percent of global trade and
cost the global economy between US$6 hillion and US$10 hillion
per day during the disruption period (Lloyd’s List, 2021). The
relatively lower severity score is statistically supported by the short
duration of the event, as shipping flows resumed shortly after the
canal was cleared. However, the bar chart still reflects a notable
impact due to the extensive ripple effects on global shipping
schedules, container availability, and port congestion that persisted
for weeks.

Relative Contribution of Major Disruption Events

Russia-Ukraine Conflict

Suez Canal Blockage

Semiconductor Shortages

Fig 1.2: Relative Contribution of Major Disruption Events
Source: Authors Computation (2025)

The Fig 1.2 illustrates the relative contribution of major disruption
events provides a proportional assessment of how different shocks
collectively account for global supply chain disruptions. Unlike the
bar chart, which emphasizes severity, the pie chart highlights the
share of overall disruption influence attributable to each event,
thereby offering insight into the cumulative structure of global
supply chain instability.

The COVID-19 pandemic occupies the largest segment of the pie
chart, accounting for approximately one-quarter of the total
disruption contribution. This dominant share is statistically
supported by empirical evidence showing that the pandemic
simultaneously affected production capacity, transportation
networks, labor markets, and consumption patterns across virtually
all regions of the world. Global trade volumes declined by over 5
percent in 2020, while container freight rates increased by more
than 400 percent on major routes between 2020 and 2022,
reflecting sustained logistics imbalances triggered by pandemic-
related disruptions (WTO, 2021; UNCTAD, 2022). The relatively
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COVID-19 Pandemic

Climate-Induced Port Shutdowns

larger proportion attributed to COVID-19 therefore reflects its
unparalleled breadth, duration, and cross-sectoral impact, which
distinguishes it from other disruption events.

The Russia—Ukraine conflict represents the second-largest share in
the pie chart, contributing slightly above one-fifth of the overall
disruption impact. Empirical data indicate that the conflict
significantly disrupted global energy and agricultural supply
chains, as Russia and Ukraine jointly accounted for roughly 30
percent of global wheat exports and a substantial share of global
fertilizer supply prior to the war (FAO, 2022). The resulting
volatility in energy and food markets amplified transportation costs
and production uncertainties worldwide, thereby justifying its
substantial proportional contribution. Although geographically
concentrated, the conflict’s transmission through global
commodity and logistics markets explains its prominent share in
the overall disruption profile.
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Semiconductor shortages account for a sizeable portion of the pie
chart, reflecting their widespread influence across multiple
industrial supply chains. Statistical evidence shows that over 75
percent of global semiconductor manufacturing capacity is
concentrated in East Asia, making global production systems
highly vulnerable to regional disruptions (OECD, 2021). The
prolonged nature of chip shortages, which constrained automotive,
electronics, and industrial production for several years, underpins
their significant contribution to global supply chain disruptions.
This proportional representation highlights the strategic importance
of technological inputs and the systemic risks associated with
supply chain concentration.

Climate-induced port shutdowns also represent a notable share of
the pie chart, underscoring the growing role of environmental
factors in shaping global logistics performance. Empirical studies
indicate that climate-related extreme weather events have increased

in frequency and intensity, leading to repeated port closures and
infrastructure damage across major trade corridors (IPCC, 2022;
UNCTAD, 2023). Although individual climate events may appear
localized, their cumulative effect across regions and over time
contributes significantly to global supply chain instability, as
reflected in their proportional share.

The Suez Canal blockage occupies the smallest segment of the pie
chart, reflecting its relatively limited contribution to overall global
disruption when compared to systemic and prolonged shocks.
While the blockage temporarily delayed approximately 12 percent
of global trade, its short duration constrained its long-term
contribution to supply chain instability (Lloyd’s List, 2021).
Nevertheless, its inclusion in the chart underscores the sensitivity
of global supply chains to disruptions at critical chokepoints and
illustrates how even brief incidents can exert outsized short-term
impacts.

Relative Duration of Supply Chain Disruption Effects
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Fig 1.3: Trend on Relative Duration of Supply Chain Disruption Effects

Source: Authors Computation (2025)

The trend line depicting the relative duration of supply chain
disruption effects illustrates how different global shock events vary
in the length of time over which they continue to affect logistics
and supply chain performance. Unlike impact severity, which
captures the magnitude of disruption at a given point, duration
reflects persistence, recovery speed, and the extent to which
disruptions generate long-term structural adjustments within global
supply chains.

The COVID-19 pandemic registers the highest duration index on
the trend line, indicating that its effects on global supply chains
were the most prolonged. Empirical evidence strongly supports this
pattern, as pandemic-related disruptions extended well beyond the
initial outbreak due to recurring infection waves, prolonged
lockdowns, uneven vaccine distribution, and asynchronous
recovery across regions. Studies show that while the pandemic
began in early 2020, global container shortages, port congestion,

29

and elevated freight rates persisted into 2023, with some logistics
indicators taking over three years to normalize (UNCTAD, 2022;
WTO, 2023). The sustained nature of these disruptions explains the
elevated duration trend associated with COVID-19, reflecting its
capacity to induce long-lasting structural changes in sourcing,
inventory management, and logistics network design.

Semiconductor shortages follow closely behind COVID-19 in
terms of duration, highlighting the long-term nature of
technologically driven supply chain disruptions. Statistical data
indicate that semiconductor lead times more than doubled during
the peak of the disruption, rising from an average of 12 weeks
before the pandemic to over 26 weeks between 2021 and 2022,
while global chip supply constraints continued to affect
manufacturing output well into 2023 (McKinsey, 2022). The
extended duration shown in the trend line reflects the capital-
intensive nature of semiconductor production, long investment
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cycles, and high geographic concentration of manufacturing
capacity, all of which slow recovery and prolong disruption effects
across downstream industries.

The Russia—Ukraine conflict occupies a mid-to-high position on
the duration trend, indicating persistent but comparatively shorter
disruption effects than those of the pandemic and semiconductor
shortages. Empirical evidence suggests that while the immediate
logistics shocks were severe, particularly in energy and agricultural
supply chains, partial adaptation occurred through alternative
sourcing, rerouting of trade flows, and policy interventions such as
strategic energy reserves (OECD, 2023). Nonetheless, the ongoing
nature of the conflict continues to sustain elevated energy prices
and transportation costs, justifying its relatively high duration
index and reinforcing the notion that geopolitical disruptions tend
to have medium- to long-term persistence.

Climate-induced port shutdowns exhibit a moderate duration index,
reflecting the recurrent but episodic nature of climate-related
disruptions. Empirical studies show that extreme weather events
often cause temporary port closures lasting days or weeks;
however, their increasing frequency leads to cumulative disruption
effects over time (IPCC, 2022; UNCTAD, 2023). The trend line
captures this pattern by positioning climate-induced disruptions
below systemic shocks such as pandemics but above acute, isolated
events. This suggests that while individual climate events may be
short-lived, their repeated occurrence creates sustained pressure on
global logistics systems.

The Suez Canal blockage registers the lowest duration index on the
trend line, reflecting its brief temporal footprint despite its
significant immediate impact. Statistical estimates indicate that the
canal was blocked for approximately six days, and while shipping
schedules and container availability were disrupted for several
weeks, global trade flows gradually normalized shortly thereafter
(Lloyd’s List, 2021). The relatively low duration score is therefore
consistent with empirical observations that chokepoint disruptions,
although dramatic, tend to have limited long-term persistence when
swift corrective actions are taken.

4.2 Comparative Regional Analysis of Logistics
Resilience

A comparative regional analysis of logistics resilience reveals
significant differences in how North America, Europe, Asia, and
Africa prepare for, respond to, and recover from supply chain
disruptions. These differences are largely shaped by variations in
digital readiness, infrastructure strength, policy support, and
private sector agility, which collectively determine the adaptive
capacity of regional logistics systems.

North America demonstrates a relatively high level of logistics
resilience, largely driven by advanced digital readiness and strong
private sector agility. The widespread adoption of digital platforms,
artificial intelligence, predictive analytics, and real-time supply
chain visibility tools has enabled firms in the United States and
Canada to anticipate disruptions and reconfigure logistics flows
rapidly. Empirical studies show that North American logistics
firms leveraged data-driven forecasting and multimodal transport
networks to rebalance freight flows during pandemic-induced port
congestion and labor shortages. Infrastructure strength further
reinforces resilience in the region, as extensive rail networks,
inland waterways, and highway systems provide alternative routing

30

options during disruptions. Policy support, while less centralized
than in Europe or Asia, has been effective through targeted
interventions such as emergency supply chain task forces,
infrastructure stimulus packages, and strategic stockpiling. The
agility of the private sector, characterized by flexible sourcing,
rapid decision-making, and innovation-driven responses, has
played a critical role in sustaining logistics performance during
prolonged disruptions.

Europe’s logistics resilience is strongly anchored in coordinated
policy frameworks, integrated infrastructure systems, and cross-
border collaboration. The region exhibits high digital readiness,
particularly in port automation, customs digitalization, and
multimodal transport management systems, which enhance
logistics visibility and efficiency. Infrastructure strength in Europe
is reflected in its dense rail networks, inland waterways, and
interconnected transport corridors that facilitate modal flexibility
during disruptions. Policy support is a defining feature of the
European context, as harmonized regulations, supranational
coordination, and resilience-oriented investment programs have
enabled collective responses to supply chain shocks. Empirical
evidence from the COVID-19 period indicates that coordinated
border management and green lanes for essential goods
significantly reduced logistics delays across member states.
Although private sector agility is high, it is often shaped by
regulatory frameworks that prioritize sustainability and social
objectives, which can slow rapid restructuring but enhance long-
term resilience and stability.

Asia presents a heterogeneous but increasingly resilient logistics
landscape, driven by rapid digitalization, large-scale infrastructure
investment, and strong state involvement in supply chain
governance. Countries such as China, Japan, and South Korea
demonstrate high digital readiness through extensive use of smart
logistics platforms, artificial intelligence, and blockchain-enabled
trade systems. Infrastructure strength is particularly pronounced in
East Asia, where significant investments in ports, rail corridors,
and logistics hubs have created high-capacity and redundant
transport networks. Policy support in Asia is often proactive and
state-led, with governments playing a central role in coordinating
supply chain responses, managing strategic reserves, and directing
infrastructure development. Empirical studies show that China’s
centralized coordination and rapid logistics reconfiguration during
pandemic lockdowns enabled faster recovery of trade flows
compared to many regions. Private sector agility varies across
Asia, with multinational firms displaying high adaptability, while
smaller enterprises in developing Asian economies face constraints
related to financing and regulatory capacity.

Africa’s logistics resilience remains comparatively limited,
although notable progress is emerging in selected countries. Digital
readiness across the continent is uneven, with many logistics
systems still reliant on manual processes and fragmented
information flows, although mobile technologies and digital trade
platforms are gaining traction in countries such as Kenya, Rwanda,
and Nigeria. Infrastructure strength represents a major constraint,
as inadequate transport networks, port congestion, and limited rail
connectivity amplify the impact of disruptions. Policy support for
logistics resilience is improving through regional initiatives such as
the African Continental Free Trade Area, which aims to enhance
trade facilitation and regional integration, although implementation
challenges persist. Private sector agility in Africa is often
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characterized by informal adaptability, where firms rely on flexible
routing, decentralized warehousing, and relational networks to
cope with uncertainty rather than formal digital systems. Empirical
evidence suggests that while African logistics systems are highly
exposed to external shocks, firms operating within these
constraints often develop innovative coping mechanisms that
partially offset structural weaknesses.

Comparatively, the analysis indicates that North America and
Europe benefit from mature infrastructure, advanced digital
systems, and institutional coordination, which collectively enhance

5.3. Comparative Table: Regional Logistics Resilience Indicators

logistics resilience. Asia’s strength lies in rapid digital adoption,
infrastructure scale, and strong policy direction, although
disparities exist across countries. Africa, while facing significant
structural and institutional challenges, demonstrates resilience
potential through regional integration efforts, incremental
digitalization, and adaptive private sector practices. The
comparative evidence underscores that logistics resilience is not
determined solely by income level but by the alignment of digital
readiness, infrastructure investment, policy coherence, and private
sector adaptability within each regional context.

Regio Digital Readine eng Po PO Private Sector Ag
0 Nlelezt | High (= 85) Very High (= 90) High (= 80) Very High (= 88)
ope Very High (=88) High (=87) Very High (= 85) | High (= 84)
Asia High (= 82) Moderate — High (= 80) | High (=78) Very High (= 86)
Africa Low — Moderate Low Moderate Moderate
(= 55) (=50) (= 58) (= 60)

Digital Readiness

North America and Europe demonstrate the highest levels of
digital readiness, reflecting widespread adoption of artificial
intelligence, advanced analytics, blockchain-based traceability
systems, and integrated logistics platforms. Empirical evidence
shows that logistics firms in these regions rapidly deployed digital
solutions during COVID-19 to manage demand volatility, optimize
routing, and improve supply chain visibility, thereby shortening
recovery periods. Asia follows closely, driven largely by China,
Japan, and South Korea, where state-led digital infrastructure
investment and private-sector innovation have accelerated smart
logistics development. Africa, by contrast, exhibits relatively low
digital readiness due to limited broadband penetration, fragmented
data systems, and high technology adoption costs, although
emerging digital freight platforms and mobile-based logistics
solutions indicate gradual progress.

A bar chart comparing regions would show Europe marginally
leading in digital readiness, followed by North America and Asia,
with Africa trailing significantly.

Infrastructure Strength

Infrastructure strength displays the widest regional disparity, with
North America leading due to extensive rail networks, inland
waterways, intermodal hubs, and technologically advanced ports.
Europe closely follows, supported by integrated cross-border
transport  corridors and multimodal connectivity. Asia’s
infrastructure strength is uneven, as world-class ports and logistics
corridors in East Asia coexist with infrastructure gaps in parts of
South and Southeast Asia. Africa ranks lowest, as logistics systems
remain heavily road-dependent, ports are congested, and rail
infrastructure is underdeveloped. Empirical studies consistently
show that infrastructure deficits amplify disruption impacts in
Africa by increasing transit times, logistics costs, and recovery
delays.

A bar chart on infrastructure strength would show a steep gradient
between Africa and the other regions.

Policy Support

Policy support for logistics resilience is strongest in Europe, where
coordinated regulatory frameworks, sustainability policies, and
crisis-response mechanisms enhance system-wide adaptation.
North America demonstrates strong but more decentralized policy
support, relying heavily on market-driven responses complemented
by targeted government interventions. Asia exhibits relatively high
policy support, particularly in China, where centralized planning
enables rapid logistics reconfiguration during disruptions. Africa’s
policy support remains moderate, constrained by regulatory
fragmentation, limited fiscal capacity, and inconsistent
implementation, although initiatives such as the African
Continental Free Trade Area are gradually strengthening regional
logistics coordination.

A line chart illustrating policy support would show Europe at the
peak, followed by North America and Asia, with Africa at a lower
but upward-trending level.

Private Sector Agility

Private sector agility is highest in North America and Asia, where
logistics firms demonstrate strong capacity for rapid innovation,
strategic partnerships, and operational reconfiguration. In Asia,
especially China, private logistics providers quickly scaled
capacity, adopted digital tools, and rerouted supply chains during
disruptions, supported by state infrastructure investment. Europe’s
private sector also exhibits high agility, although regulatory
compliance requirements can slow rapid experimentation. Africa
shows moderate agility, as firms often rely on informal
diversification strategies and flexible routing to cope with
infrastructural and policy constraints, although limited access to
capital constrains scalability.
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A pie chart of private sector agility would show North America
and Asia occupying the largest shares, Europe slightly lower, and
Africa the smallest share.

5. Conclusion and Recommendations

5.1. Conclusion

This study has examined global strategies for enhancing logistics
resilience in the face of escalating supply chain disruptions,
drawing on secondary data and comparative regional analysis to
highlight the evolving nature of logistics risks and adaptive
responses. The findings demonstrate that supply chain disruptions
have become systemic and persistent due to the convergence of
health crises, geopolitical conflicts, infrastructural bottlenecks,
technological vulnerabilities, energy instability, and climate
change. Events such as the COVID-19 pandemic, the Russia—
Ukraine conflict, the Suez Canal blockage, semiconductor
shortages, and climate-induced port shutdowns have collectively
exposed the fragility of highly globalized and efficiency-driven
logistics systems, thereby reinforcing the urgency of resilience-
oriented strategies.

The analysis reveals that logistics resilience is multidimensional,
encompassing digital capability, structural flexibility, strategic
buffering, collaborative governance, and infrastructure robustness.
Regions with high digital readiness, strong transport infrastructure,
coherent policy support, and agile private sectors—particularly
North America, Europe, and parts of Asia demonstrate greater
capacity to absorb and recover from disruptions. Conversely,
African logistics systems, including Nigeria’s, remain
disproportionately vulnerable due to infrastructure deficits, limited
digital integration, regulatory fragmentation, and financing
constraints, although adaptive private-sector behavior and regional
integration initiatives provide emerging resilience pathways.

Empirical and theoretical insights further suggest that no single
strategy is sufficient to ensure logistics resilience. Rather,
resilience outcomes are strongest where digital transformation,
supply chain diversification, inventory buffering, partnerships, and
infrastructure investment are strategically integrated. The study
therefore concludes that logistics resilience is not a static condition
but a continuous process of adaptation and transformation, shaped
by institutional capacity, technological advancement, and systemic
coordination.

5.2. Recommendations

Based on the findings, several policy and practice-oriented
recommendations are proposed. Governments should prioritize
long-term investment in resilient logistics infrastructure, with
particular emphasis on port modernization, rail connectivity, and
intermodal transport systems, as these form the physical backbone
of supply chain stability. Such investments should be
complemented by digital infrastructure development to support
advanced logistics technologies, including real-time tracking,
predictive analytics, and automated decision-support systems.

Policymakers are encouraged to strengthen regulatory coherence
and crisis-response frameworks that enable rapid logistics
reconfiguration during disruptions. This includes streamlining
customs  procedures, harmonizing trade regulations, and
institutionalizing emergency logistics protocols. In Africa and
Nigeria specifically, effective implementation of regional
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initiatives such as the African Continental Free Trade Area should
be accelerated to enhance regional logistics integration and reduce
overreliance on extra-regional supply chains.

Logistics firms and supply chain managers should adopt diversified
sourcing and distribution strategies that reduce dependency on
single suppliers, routes, or regions. While recognizing the cost
implications of diversification and buffering, firms should leverage
digital tools to optimize inventory placement and balance
efficiency with resilience. Strategic collaboration through public—
private partnerships, shared logistics platforms, and industry
alliances should also be expanded to facilitate information sharing,
capacity pooling, and coordinated disruption response.

From a technological standpoint, organizations should invest not
only in digitalization but also in cybersecurity resilience to mitigate
emerging technological risks associated with increased system
connectivity. Training and human capital development in digital
logistics competencies should be prioritized to ensure effective
technology utilization and adaptive capacity.

Finally, future research should extend this study by incorporating
empirical, firm-level data to quantify the performance impacts of
specific resilience strategies, particularly in developing economies.
Longitudinal studies examining the interaction between climate
risk, digital transformation, and logistics resilience would also
provide valuable insights.
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