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ABSTRACT

Global supply chains have undergone profound transformations driven by geopolitical shifts, technological advances, and
systemic shocks, prompting renewed attention to resilience frameworks. Traditional approaches emphasizing robustness and
risk mitigation have been challenged by the need for adaptive capacity, flexibility, and systemic learning. This review
critically examines resilience concepts and their application in transforming supply chains, grounded in complex adaptive
systems theory, dynamic capabilities perspectives, and supply chain risk management literature. Recognition of limitations in
static resilience models has driven transformations from reactive disruption response to proactive capability building, from
firm-centric to multi-tier network approaches, and from efficiency-focused designs to those integrating redundancy and
flexibility. Specific mechanisms—including digital visibility platforms, scenario planning, and collaborative governance—
enable enhanced responsiveness. Applications in risk assessment, network reconfiguration, and technology-enabled
monitoring demonstrate both progress and persistent gaps. Challenges of measurement ambiguity, trade-offs with efficiency,
coordination costs, and power asymmetries remain significant. Prospects center on dynamic resilience frameworks,
integration with sustainability goals, and governance models that distribute adaptive capacity across networks. The analysis
concludes that effective resilience in transforming supply chains requires moving beyond protective robustness toward
generative adaptability that enables continuous reconfiguration in response to evolving conditions.
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1. INTRODUCTION

Global supply chains have experienced repeated and severe disruptions, from the COVID-19 pandemic to geopolitical conflicts
and climate-related events, exposing vulnerabilities in lean, globally dispersed networks. These events have intensified
academic and managerial focus on supply chain resilience—the ability to anticipate, respond to, and recover from disruptions
while maintaining operational continuity [1]. However, dominant resilience frameworks often emphasize protective robustness
and rapid restoration of the status quo rather than the capacity for fundamental adaptation and transformation.

As supply chains undergo structural changes—including regionalization, digitalization, and sustainability integration—static
resilience concepts face increasing limitations. The interplay between resilience and ongoing transformation requires
frameworks that account for dynamic capabilities, network-level interdependencies, and the potential for disruptions to catalyze
beneficial redesign rather than merely temporary setbacks.

Grounded in complex adaptive systems theory, dynamic capabilities perspectives, and supply chain risk management literature,
this review critically examines resilience frameworks, analyzes transformation pathways in their application, and evaluates
applications, challenges, and prospects. It draws on evidence up to 2023 and maintains critical balance between the practical
value of resilience thinking and its conceptual and operational shortcomings.

2. The Theoretical Foundation of Resilience Frameworks in Supply Chain Transformations
2.1 The Connotation and Characteristics of Supply Chain Resilience in Transformation Contexts

Supply chain resilience refers to the capacity of a network to withstand, adapt to, and recover from disruptions while continuing
to meet customer requirements. In transformation contexts, resilience encompasses not only restoration but also the ability to
reconfigure structures, processes, and relationships in response to changing conditions. Its defining characteristics include
multi-level analysis (firm, network, and system), temporal dynamics (pre-disruption preparedness, response, and post-
disruption adaptation), and the interplay between robustness and flexibility.

Unlike engineering resilience focused on returning to equilibrium, ecological or adaptive resilience emphasizes the capacity to
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absorb shocks and reorganize while retaining essential functions. These characteristics create tensions between maintaining
efficiency under normal conditions and preserving slack and optionality for uncertain futures [2].

2.2 The Theoretical Logic of Adaptive Capacity versus Robustness in Global Networks

Complex adaptive systems theory views supply chains as interconnected networks of autonomous agents whose interactions
produce emergent behaviors that cannot be fully predicted or controlled from any single node. Dynamic capabilities theory
explains how organizations sense opportunities and threats, seize them through resource reconfiguration, and maintain
competitiveness through continuous renewal. Supply chain risk management traditionally emphasizes identification,
assessment, and mitigation of known risks.

An original extension proposed here is that resilience in transforming supply chains functions as “generative adaptability”
rather than mere protective buffering. This logic shifts the focus from preventing or quickly reversing disruptions to developing
the sensing, learning, and reconfiguration capabilities that allow networks to evolve productively through repeated
disturbances. It requires moving beyond static risk registers toward ongoing organizational and inter-organizational learning
processes [3].

3. The Transformation Path of Resilience Approaches in Global Supply Chains
3.1 Transition from Reactive Risk Management to Proactive Resilience Building

Early supply chain risk management focused primarily on identifying and mitigating known risks through buffers, insurance,
and contingency plans. Growing recognition of deep uncertainty and black swan events has driven a shift toward building
proactive capabilities for sensing weak signals, scenario planning, and developing flexible response options. Specific
mechanisms include early warning systems, stress testing, and investment in visibility technologies.

Firms and governments have expanded resilience investments beyond traditional risk management before 2023, particularly
following major disruptions. This transition improves preparedness but can create tensions with short-term efficiency goals.
Critical balance requires distinguishing between investments that provide genuine adaptive capacity and those that merely
increase costs without corresponding benefits under most scenarios [1].

3.2 Transition from Single-Firm Focus to Multi-Tier and Network-Level Resilience

Traditional resilience efforts concentrated on a firm’s direct operations and first-tier suppliers. Recognition that disruptions
often originate further upstream or propagate through complex interdependencies has prompted expansion to multi-tier
visibility and collaborative resilience strategies. Specific approaches include supply chain mapping, joint business continuity
planning, and shared risk monitoring platforms.

Initiatives involving second- and third-tier suppliers and cross-industry collaboration have increased before 2023. This
transition improves systemic visibility but introduces significant coordination costs and data-sharing challenges. Original
insight: network-level resilience depends not only on individual firm capabilities but on the quality of inter-organizational
relationships and governance mechanisms that enable coordinated response across legally independent entities [4].

3.3 Transition from Efficiency-Driven to Redundancy- and Flexibility-Integrated Models

Lean and just-in-time paradigms prioritized efficiency and minimal inventory. Repeated disruptions have prompted re-
evaluation of the trade-offs between efficiency and resilience, leading to greater acceptance of strategic redundancy, dual
sourcing, and flexible capacity. Specific mechanisms include regional manufacturing footprints, safety stock policies calibrated
to disruption probabilities, and modular production systems.

Many firms have increased inventory buffers and diversified supplier bases before 2023. This transition can improve resilience
to specific shocks but risks permanent cost increases and potential rebound effects if not managed dynamically. Critical balance
acknowledges that optimal resilience involves selective rather than blanket redundancy, targeted at the most critical and
vulnerable nodes [2].

3.4 Transition from Static Frameworks to Dynamic and Learning-Oriented Resilience
Conventional resilience frameworks often treat resilience as a fixed property achieved through upfront design. Growing
emphasis on continuous adaptation has driven movement toward dynamic resilience that incorporates ongoing sensing,

learning, and capability development. Specific mechanisms include after-action reviews, supply chain control towers with real-
time analytics, and organizational routines for rapid reconfiguration.
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Leading firms have institutionalized learning processes following major disruptions before 2023. This transition treats
resilience as an evolving capability rather than a static achievement. An original insight is that transformative resilience requires
not only recovery to a previous state but the organizational and inter-organizational capacity to question and redesign
underlying assumptions and structures exposed as inadequate by disruption [3].

4. Applications of Resilience Frameworks in Supply Chain Practice
4.1 Application in Risk Assessment and Scenario Planning

Resilience frameworks have informed more sophisticated risk assessment that goes beyond probability-impact matrices to
include systemic interdependencies and tail risks. Applications include stress testing of multi-tier networks, scenario planning
for geopolitical and climate disruptions, and simulation-based vulnerability analysis. Specific technologies include digital twins
of supply chains and advanced analytics for identifying hidden dependencies.

Companies and governments have expanded scenario planning and stress testing capabilities before 2023. These applications
improve awareness of potential failure points but can suffer from overconfidence in modeled scenarios and difficulty in
translating insights into actionable preparedness. Critical balance requires combining quantitative modeling with qualitative
judgment and organizational imagination [5].

4.2 Application in Network Design and Diversification Strategies

Resilience considerations have influenced supply chain network design through greater emphasis on geographic diversification,
nearshoring, and strategic inventory positioning. Applications include multi-sourcing strategies, regional manufacturing hubs,
and flexible capacity arrangements. Specific mechanisms include supplier development programs in alternative locations and
contractual flexibility clauses.

Many multinational firms have announced diversification and regionalization initiatives before 2023. These applications can
reduce concentration risk but involve significant investment and may not eliminate exposure to global systemic shocks.
Challenges include managing increased complexity and ensuring that diversification does not simply replicate vulnerabilities
in new locations [4].

4.3 Application in Digital Technologies for Visibility and Responsiveness

Digital technologies have been widely applied to enhance supply chain visibility and responsiveness. Applications include real-
time tracking, predictive analytics for disruption detection, and collaborative platforms for rapid coordination. Specific
technologies include IoT sensors, blockchain for traceability, Al-driven demand sensing, and control towers that integrate data
across partners.

Digital visibility initiatives have expanded significantly before 2023, enabling faster detection and response to disruptions.
These applications improve situational awareness but can create new dependencies on technology providers and data quality
issues. Critical balance requires recognizing that technology enables but does not substitute for organizational capabilities in
sense-making and decision-making under uncertainty [6].

5. Challenges and Prospects of Resilience Frameworks in Transforming Supply Chains
5.1 Current Main Challenges

Measurement of resilience remains ambiguous, with multiple competing definitions and limited standardized metrics. Trade-
offs between resilience and efficiency create persistent tensions in investment decisions. Coordination across multi-tier
networks is hindered by misaligned incentives and information asymmetries. Power imbalances can lead to resilience burdens
being disproportionately shifted to weaker actors. Finally, the dynamic and context-specific nature of resilience makes one-
size-fits-all frameworks of limited practical value [2, 7].

5.2 Prospects for Future Development Trends

Prospects include development of more dynamic resilience metrics that capture adaptive capacity rather than static robustness.
Integration of resilience with sustainability and regenerative goals can create synergies rather than trade-offs. Advances in
digital technologies, particularly Al and digital twins, may enable more sophisticated sensing and simulation capabilities.
Governance innovations such as shared resilience platforms and contractual mechanisms for risk and benefit sharing can
improve network-level coordination. Growing policy attention to supply chain security and critical infrastructure resilience
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may provide external impetus and resources.

An original forward-looking insight is the potential emergence of “transformative resilience ecosystems” that treat disruptions
not only as threats to be mitigated but as catalysts for beneficial structural change, combining adaptive capacity with deliberate
strategies for long-term system redesign.

6. Conclusion

Resilience frameworks have become central to understanding and managing global supply chain transformations, yet dominant
approaches remain limited by their emphasis on protective robustness rather than generative adaptability. The transition from
reactive risk management to proactive capability building, from firm-centric to network-level perspectives, and from static to
dynamic learning-oriented models reflects growing recognition that resilience must evolve alongside the systems it seeks to
protect. Applications in risk assessment, network design, and digital visibility demonstrate progress while revealing persistent
implementation challenges.

Significant conceptual and practical gaps remain in measurement, coordination, and the integration of resilience with broader
transformation objectives. Advancing the field requires frameworks that treat resilience as an evolving, multi-level capability
embedded in ongoing organizational and inter-organizational learning rather than a fixed property achieved through upfront
design. When resilience thinking informs not only protection against disruption but also the capacity for beneficial
reconfiguration, supply chains can become more robust, adaptive, and aligned with long-term economic, social, and
environmental goals.
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