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Abstract
Aim: In modern dynamic and uncertain business environment, firms' ability to maintain operational stability while responding quickly to shocks is becoming increasingly vital. This study investigates the relationship between supply chain flexibility and resilience, specifically how adaptive abilities contribute to the overall robustness and responsiveness of supply systems. 
Methods: This study adopted a systematic literature review approach to explore and synthesize existing research relevant to supply chain flexibility and resilience. The review methodology was guided by the principles of transparency, replicability, and rigor, aiming to identify patterns, gaps, and insights from the body of scholarly work on the subject. A comprehensive search was conducted across multiple academic databases, including Scopus, Web of Science, Google Scholar, and ScienceDirect, to collect peer-reviewed journal articles, conference proceedings, and relevant grey literature published between 2010 and 2025. Keywords and search terms included combinations of supply chain flexibility, supply chain resilience and supply chain management. To ensure relevance and quality, the inclusion criteria used was articles published in English, peer-reviewed publications, and studies explicitly focused on supply chain.
Results: Supply chain flexibility was identified as a crucial enabler of resilience. According to a review of Dynamic Capabilities Theory and System Theory and emerging global concerns, flexible supply chains are better positioned to manage risks, reduce vulnerabilities, and ensure company continuity. It also examines current problems such as economic insecurity, regulatory complexity, sustainability demands, labor shortages, and cybersecurity dangers, emphasizing the importance of combining technology and collaborative strategies to promote flexibility and resilience.
Conclusion: Firms that intentionally adopt digital tools, foster strong relationships, and embrace agility will be better positioned to weather disruptions and achieve long-term growth.
Recommendation: The study recommend that businesses should use dynamic risk management frameworks and engage in smart technology and environmental sustainability practices to build future-ready supply chains that balance efficiency and resilience.
Keywords: Supply chain flexibility, supply chain resilience, supply chain management, dynamic capabilities. 

INTRODUCTION 
Background to the Study 
Supply chain flexibility is an organization’s capacity to quickly alter and reconfigure its supply chain processes, resources, and strategies in reaction to external or internal changes (Huo et al., 2018). Um (2017) argues that supply chain flexibility is the ability to easily change production levels, raw material procurement, and transportation capacity. A company can adapt and respond effectively to changes in consumer demand, market conditions, disruptions, and any other events that may affect the flow of goods and services (Siagian et al., 2021).
Supply chain resilience is defined by Drozdibob et al. (2023) as the supply chain’s ability to anticipate, adapt to, and recover from disruptions caused by natural disasters, pandemics, or other unexpected events. Similarly, Supply chain resilience refers to the ability to respond quickly to unexpected events while preventing and reducing supply chain disruptions (Shishodia et al., 2023). Moreover, Pettit et al. (2019) claim that an organization can effectively adapt to change and recover from disruptions or unforeseen events in its supply chain network.
According to UNCTAD (2024), global supply chains are becoming more volatile due to a "polycrisis" a combination of geopolitical tensions, environmental disruptions, and economic instability. A Maersk survey of over 2,000 European shippers revealed that 80% consider geopolitical risks, especially conflicts like those involving Russia and Ukraine, the greatest threat. Environmental shocks and economic uncertainty exacerbate this, making supply chains more fragile. In 2024, global shipping schedule reliability dropped to 50-55%, down from 70-85% pre-COVID. Key trade routes, between China and Europe, have been impacted by vessel rerouting around the Cape of Good Hope due to unrest in the Red Sea, absorbing up to 9% of global capacity and extending sailing distances by 10% (Notteboom et al. 2024). Furthermore, U.S. tariffs on Chinese exports have increased freight rates, illustrating how national policies disrupt global trade (Fan et al., 2022).
Global supply chains are becoming more flexible due to geopolitical tensions, environmental disruptions, and economic shifts (Johnson & Haug, 2021). Nearshoring is increasing, with U.S. companies’ reshoring over 350,000 jobs in 2022 and up to 40% of Asia-origin freight projected to shift by 2030. On-demand warehousing is expanding in the U.S., Germany, and the UK, supporting faster urban deliveries. Platforms like Silq, used in Southeast Asia, Europe, and the U.S., enhance supply chain agility with real-time tracking and freight rate comparisons (Radhakrishnan, 2024). In addition, Automation at ports in China, Singapore, and the Netherlands is improving turnaround times, while sustainability drives sourcing decisions (Notteboom, 2022). Geopolitical tensions and trade tariffs, like the EU’s levy on Chinese EVs, are reshaping freight flows and increasing air transport reliance (Gone, 2024).
Modern supply chain management requires high flexibility and resilience to navigate global complexity and rising consumer demands (Lai, 2024). Bosse (20190 argues that companies like Scoutbee and Sennder are digitizing procurement and logistics, while tools from NexxIoT and Ambrosus enhance real-time visibility and risk response through IoT. Automation in warehousing, AI-driven planning, and smart last-mile solutions enhance adaptability, creating agile, transparent, and disruption-ready supply chains (Yarlagadda, 2024).
Supply Chain Flexibility
Siagian et al. (2021) define supply chain flexibility as a company’s ability to adapt and respond effectively to changes in consumer demand, market conditions, disruptions and any other events that may affect the flow of goods and services. Um and Han (2021) stressed the necessity of adaptability in dealing with supply chain risks such as material supply disruptions or labor shortages. Singh (2024) argued that firms can mitigate the impact of disruptions by practicing proactive flexibility, which includes anticipating potential risks and implementing adaptable solutions ahead of time.
Indicators of supply chain flexibility include lead time, fill rate, inventory turnover, responsiveness and resilience. Okyere et al. (2015) define lead time as the total time it takes from receiving a customer order to delivering the final product or service. It is a crucial indicator of supply chain flexibility because it reflects how quickly a supply chain can respond to customer demands. A flexible supply chain aims to reduce lead time by streamlining operations, improving communication with suppliers, and adopting efficient production methods (Kimwaki, 2024). Darko et al. (2018) claim that shorter lead times enhance customer satisfaction and allow companies to adapt faster to changes in demand.
The fill rate is the percentage of client orders that are filled completely and on time.   It displays the supply chain’s ability to deliver the relevant products in the correct quantities and on time (Harbi et al., 2018). A high fill rate indicates a flexible and efficient supply chain that can consistently meet customer expectations, even in the face of demand fluctuations or disruptions (Ivanov et al. 2018). Improving fill rates often demands more planning, real-time inventory tracking, and strong supplier connections (Kaul & Khurana, 2022).
Inventory turnover is a financial metric that measures the rate at which a company sells and replaces its inventory over a specified period. It reflects the efficiency of inventory management and indicates how effectively a firm is converting its inventory into sales within a given timeframe (Addo, 2020). According to Pandey et al. (2023), a high inventory turnover rate implies that products move swiftly through the supply chain, signaling that the company can efficiently respond to market demands. It also demonstrates that the supply chain avoids overstocking, which can lead to obsolescence or waste. Inventory management flexibility allows businesses to adapt to changing customer demands while lowering holding costs (Akinlab, 2021).
Responsiveness is how quickly and precisely a supply chain responds to customer requests, complaints, or changes in order specifications (Asamoah et al., 2021).   A responsive supply chain can quickly adjust its methods to deal with unexpected events, such as last-minute orders or delivery changes (Richey et al., 2022).   This flexibility is typically achieved by real-time data analysis, automation, and close communication across multiple supply chain partners (Dolgui & Ivanov, 2022).
Resilience in the context of supply chain management refers to the system's capacity to anticipate, absorb, adapt to, and recover from disruptions - such as supplier failures, natural disasters, or global crises like pandemics - while maintaining continuity of operations and minimizing adverse impacts (Han et al., 2022). A strong supply chain is also adaptable it can adjust operations, change suppliers, or reroute supplies in the face of unexpected events (Ivanov, 2022). Namdar et al. (2018) argue that building resilience requires investing in risk management strategies, developing backup plans, and diversifying the supplier base to reduce reliance on a single source. According to Adobor and McMullen (2018), supply chain resilience is the ability of a system to return to its original or move to a new, more desirable state after being disturbed. They stress the importance of visibility, adaptability, and a risk management culture as critical enablers of resilience. Similarly, Adobor (2020) defines supply chain resilience as the supply chain's adaptive capability to prepare for unexpected events, respond to disruptions, and recover from them by maintaining continuity of operations at the desired level of connectedness and control over structure and function.
Flexibility in supply chain systems is critical because it allows organizations to respond quickly to changing market demands and external interruptions, ensuring that operations continue with minimal downtime (Kamalahmadi et al., 2022). A flexible supply chain enables more efficient resource management, resulting in streamlined processes, lower costs, and faster delivery times (Um, 2017). Ivanov et al. (2018) add that this adaptability not only improves operational efficiency but also enables a company to adopt new technologies and automation, thereby boosting innovation. Furthermore, flexibility increases a company's resilience to economic volatility, promoting scalability and long-term growth (Settembre-Blundo et al., 2021). Finally, it increases a company's worth by displaying dependability, responsiveness, and a forward-thinking attitude in a competitive market (Mutambik, 2024).
A flexible supply chain optimizes resources by leveraging advanced technologies such as artificial intelligence and data analytics to improve forecasts, automate procedures, and provide real-time insight across the supply chain (Adeniran et al., 2024). Flexibility necessitates tight collaboration with suppliers and stakeholders to make timely, coordinated decisions (Üstündağ & Ungan, 2020). It also allows for product and service customization while remaining efficient (R. Novais et al., 2019).
Supply Chain Resilience
Ivanov (2022) introduced the concept of viable supply chains, which is based on resilience but prioritizes long-term survival in highly turbulent and uncertain environments. He argued that in a world of frequent shocks, resilient supply chains must also be viable and capable of changing business models and supply chain structures as needed to adapt to prolonged or repeated disruptions. Baah et al. (2022) claim that indicators of supply chain resilience include, collaboration, flexibility, visibility, information sharing, and agility.
Collaboration is where all parties within the supply chain work together towards common goals, especially during disruptions (Duong & Chong, 2022). When organizations collaborate through joint planning, decision-making, and resource sharing they are better equipped to anticipate risks and respond effectively (Song et al., 2024). A high level of collaboration allows for faster communication, shared risk management strategies, and collective problem-solving, which can prevent the breakdown of operations during crises (Umar & Wilson, 2021). Effective collaboration also enhances trust and alignment across the network, making it easier to implement contingency plans and adapt to unforeseen challenges (Elvegård et al., 2024).
Fayezi et al. (2019) argue that flexibility is the ability of a supply chain to adapt quickly to changes in demand, supply conditions, or other environmental factors. It is one of the most vital attributes for building resilience because it enables firms to shift operations, adjust sourcing strategies, and reallocate resources with minimal disruption. According to Ivanov et al. (2018), flexible supply chains can respond faster to emergencies by using alternate suppliers, transportation methods, or workforce arrangements. This ensures continuity and supports rapid recovery, ultimately reducing downtime and financial losses during adverse events.
According to Dey (2023), visibility in the supply chain means having a clear, real-time understanding of the entire network’s operations, including inventory levels, supplier status, and transportation flows. It is essential for the early detection of disruptions and timely decision-making. da Costa (2024) claims that, when supply chain managers can trace issues back to their source and understand the flow of goods and information, they are better positioned to act quickly and mitigate negative impacts. da Costa (2024) adds that high visibility also promotes transparency and accountability, which are necessary for coordinating response strategies and maintaining stability during crises.
Information sharing is crucial for resilience as it enables accurate, timely communication across all nodes of the supply chain (Johnson, 2025). Holloway (2025) argues that leveraging IT systems and digital tools to distribute relevant data helps supply chain partners stay informed, align their actions, and coordinate more efficiently during disruptions. Proper IT infrastructure ensures that real-time updates are shared, risks are communicated, and decisions are based on reliable information (Ghorbanian et al., 2019). It also reduces uncertainty and facilitates proactive responses, allowing organizations to manage threats collaboratively and reduce the bullwhip effect (Reynolds, 2024).
Gligor et al. (2019) define agility as the ability of a supply chain to respond rapidly and efficiently to unexpected changes in the environment. It goes hand in hand with resilience by emphasizing speed and adaptability. According to Mishra et al. (2025), an agile supply chain can quickly shift production, reroute shipments, or scale operations in response to sudden demand surges or supply shortages. This quick responsiveness helps minimize the impact of disruptions and maintain service levels. Agility also allows companies to seize new opportunities in volatile markets, turning potential risks into strategic advantages (Hsieh et al., 2023).
Supply chain resilience is essential in modern supply chain systems because it enables businesses to successfully foresee, respond to, and recover from disruptions while ensuring operational continuity and stability (Katsaliaki et al., 2022). Building resilience enables firms to significantly reduce financial losses caused by supply chain disruptions while maintaining high levels of customer satisfaction through timely deliveries and consistent product availability (Das et al., 2022). Furthermore, resilience enhances a company's ability to remain competitive by allowing it to respond to market developments and unexpected challenges faster than less prepared competitors (Alberti et al., 2018). It also supports long-term sustainability by proactively addressing vulnerabilities and establishing robust supply networks that can withstand future uncertainties, so protecting the company's reputation and operational performance (Negri et al., 2021).
According to Ivanov (2021), a resilient supply chain is characterized by end-to-end (E2E) visibility, allowing organizations to monitor risks across the entire value chain, from suppliers to customers. This transparency aids in early threat detection and timely decision-making. Additionally, Khan et al. (2022), claim that digital tools like predictive analytics and AI-driven automation help reduce vulnerabilities and improve response to disruptions. Regular stress testing and reassessment ensure the supply chain remains adaptable to evolving risks (Ivanov & Dolgui, 2022).
Another distinguishing trait is that resilience is incorporated into the primary strategic goal, with CEOs balancing efficiency and resilience to construct future-ready supply networks (Siddiqui et al., 2025). According to Ramezankhani et al. (2018), resilience measurements are used with growth and cost indicators to demonstrate a holistic approach to success in performance management systems.   To supplement this, firms invest in new technology and worker capabilities that boost resilience and efficiency.   Furthermore, solid governance structures and long-term processes are established to manage resilience beyond short-term goals (Andersen, 2024).   
Dynamic Capabilities Theory
Teece et al. (1997) developed the Dynamic Capabilities Theory (DCT), which provides a strategic framework for comprehending how businesses use internal competencies to design and deploy responses to external changes.  DCT places more emphasis on an organization's capacity to adapt to changing and turbulent conditions than traditional resource-based perspectives, which concentrate on static resources.  It asserts that to respond to quickly changing market conditions, businesses need to have the flexibility to integrate, develop, and reorganize both internal and external resources (Teece, 2007).  
DCT is based on three fundamental concepts, perceiving, grasping, and reconfiguring.   Sensing is a company's ability to recognize changes, threats, or opportunities in its external environment (Song et al., 2022).   Seizing implies organizing resources effectively to respond to observed developments.   Reconfiguration, or transformation, is the ability to restructure and realign organizational resources and processes to maintain relevance and performance (Teece, 2014).   These three tenets form the basis of an organization's ability to dynamically adjust its strategy and operations, particularly during supply chain volatility.
In this study, which examines the relationship between supply chain flexibility and supply chain resilience, DCT provides a useful lens for understanding how firms modify their supply chains to withstand and recover from disruptions.   According to Aslam et al. (2018), supply chain flexibility, helped by sensing and seizing capabilities, allows firms to react quickly to changes by adjusting sourcing strategy, production schedules, and distribution channels.   This agility is critical for predicting disruptions and providing effective remedies.   On the other hand, grabbing and reconfiguring capabilities have a significant impact on supply chain resilience, which requires not only responding to disruptions but also rebuilding supply chain activities to recover swiftly and continue generating value (Roh & Xiao, 2024).
As a result, DCT offers a theoretical framework for examining the relationship between supply chain flexibility and resilience. Organizations with excellent dynamic capabilities are more likely to have adaptive supply networks capable of detecting disruptions and responding appropriately (Irfan et al., 2022). This boosts resilience by enabling quick recovery and continued value delivery in challenging conditions (Sinha & Ola, 2021). This study, which focuses on DCT, underlines the strategic importance of dynamic capabilities in establishing robust and responsive supply chains.
Systems Theory
Systems theory developed by von Bertalanffy (1950) views organizations and processes as systems composed of interconnected components that work together to achieve a common purpose and changes in one element can affect the entire system. Systems theory explains how various supply chain management operations, including procurement, production, logistics, and distribution, interact with and influence one another (Caddy & Helou, 2007). 
The principles of systems theory provide an excellent foundation for investigating the link between supply chain flexibility and resilience.   Harney (2019) argues that key tenets include component interdependence, in which each part of the system influences and is influenced by the others holism, which shows the importance of understanding the system as a whole rather than isolated parts and the input-throughput-output model, in which the system receives inputs, processes them through various parts of the system, and produces outputs.   The theory also highlights feedback loops, which allow the system to react and learn from disruptions, and dynamic equilibrium, which happens when the system responds to internal and external demands to maintain balance (Cordon, 2013).
The study is based on systems theory, which gives a comprehensive lens through which to investigate how flexibility affects supply chain resilience. The theory claims that by viewing the supply chain as an interconnected system, flexibility across multiple components, such as procurement and logistics, is crucial to increasing the supply chain’s overall resilience (Tukamuhabwa et al., 2015). The concept of feedback supports the idea that flexibility enables continuous adaptation and recovery during disruptions (Butler & Brooks, 2021). Furthermore, the concept of dynamic equilibrium underlines how supply chains can sustain performance despite continuing adjustments, emphasizing the importance of flexibility in long-term resilience. This theoretical framework is crucial for understanding how flexibility in one part of the supply chain can improve overall system resilience.
Supply Chain Flexibility and Supply Chain Resilience
The connection between supply chain flexibility and resilience is becoming increasingly important for firms managing the challenges of current business settings (Singh, 2024).  Adaptation and reconfiguration processes enabled by flexibility are critical for increasing resilience (Szemző et la., 2022).  Settembre-Blundo et al. (2021 argue that flexible systems enhance an organization’s organic potential by enabling it to confront and respond to unexpected environmental and operational crises.  This organic ability is important because it enables firms to adjust quickly to changes in both internal and external contexts, which is essential for maintaining a competitive advantage.
Logistics flexibility is significant as it represents an organization’s ability to handle various receipts and delivery requirements with precision and efficiency (Jafari, 2015). According to Sandberg (2021), the interconnection of production, logistics, and other flexibility aspects is crucial such that combining production and logistics flexibility helps speed up product development flexibility. Without the support of these services, an organization's competitive edge in introducing new goods or updating old ones may erode. Therefore, firms must foster collaboration with suppliers and adapt swiftly to enhance their agility and responsiveness (Narayanan et al., 2015).
Supply chain resilience, on the other hand, is defined as an organization's ability to anticipate, respond to, and recover from disturbances (Duchek, 2022). Supply chains’ complexity and dynamism require them to adapt to changes in their environments continually to survive and prosper in the global market (Aslam et al., 2018). Dynamic skills are critical for creating supply chain resilience because they allow organizations to respond effectively to changes in their operational environment (Irfan et al., 2022).
Resilient supply chains can rapidly merge and rearrange existing resources in response to unexpected events, thereby minimizing the negative impacts of such disruptions (Katsaliaki et al., 2022). Pu et al. (2023) argue that this ability not only allows for quicker recovery but also provides a competitive advantage over less resilient firms. Thus, the integration of flexibility into supply chain operations is essential for enhancing resilience. A flexible supply chain allows organizations to quickly rearrange and realign resources in reaction to disruptions (Enrique et al., 2022).
Moreover, the capability to reconfigure supply chains effectively allows firms to utilize their existing assets and structures more efficiently, facilitating a faster return to an optimal state after a disruption (Chopra et al., 2021). For instance, following the Tōhoku Great East Japan Earthquake, companies with flexible supply chain capabilities were reported to recover more swiftly than those lacking such flexibility (Siawsh et al., 2023). This illustrates the importance of flexibility as a resilience measure, which is emphasized in contemporary supply chain research (Piprani et al., 2022).
Flexibility in various aspects, such as distribution, production facilities, supply bases, and workforce skills, significantly contributes to the overall resilience of supply chains (Piprani et al., 2022). This flexibility allows organizations to respond quickly and effectively during turbulent times, facilitating resource reconfiguration and enhancing their ability to adapt to unforeseen challenges (Agrawal et al., 2023). Ultimately, the integration of flexibility within supply chains reinforces resilience, enabling organizations to maintain operational continuity and competitiveness in dynamic environments (Chunsheng et al., 2020).
The interplay between supply chain flexibility and resilience is crucial for firms seeking to negotiate the intricacies of today's business landscape (Gunasekaran et al., 2015). Flexibility is a core factor that improves resilience, allowing firms to survive disturbances and adapt to changing market conditions (Karman, 2020). According to Tarigan et al. (2021), companies that efficiently incorporate flexibility into their supply chain operations are better able to manage risks, respond to unanticipated problems, and preserve a competitive advantage. As a result, organizations must consider flexibility not only as a desirable asset but also as a crucial component of their resilience strategy, which will ultimately lead to more resilient supply chains capable of prospering in an unpredictable future (Purvis et al., 2016).
Emerging Issues in Supply Chain Resilience
Several emerging concerns are affecting the resilience of supply systems. According to Mamasoliev (2024), economic instability, induced by unforeseen factors such as rising oil costs, inflation, and trade policy shifts, continues to endanger supply chain stability. Geopolitical upheavals, notably upcoming changes in global leadership and trade agreements, exacerbate the complexity (Roscoe et al., 2022). 
Sulkowski (2018) argues that, as regulatory frameworks become more complicated across markets, firms have the problem of being compliant with changing laws and regulations.  Automated tools for tracking and managing compliance data, as well as solid collaborations with legal professionals, are critical to tackling this issue.  Furthermore, the growing demand for sustainability and ESG goals compels businesses to reconsider their supply chain operations, with a focus on techniques such as lowering fuel usage and incorporating renewable energy (Lewis & MacGregor, 2023).  Embracing technology and streamlining transportation routes can help businesses achieve sustainability goals while being efficient (Kazancoglu et al., 2023).
Labor shortages and cybersecurity threats are also major challenges for supply chains. The persistent lack of crucial workers, forces businesses to rely more on automation and artificial intelligence (AI), while also improving employment conditions to retain competent labor (Attah et al., 2024). The digitization of supply networks increases the risk of cyberattacks, acquiring advanced cybersecurity defenses necessary (Singh, 2025).  
CONCLUSION
In today’s volatile business environment, the integration of supply chain flexibility and resilience is vital for sustaining competitive advantage and operational continuity. Flexibility enhances resilience by enabling firms to swiftly adapt to disruptions, market changes, and consumer demands. As shown by Gunasekaran et al. (2015) and Karman (2020), flexibility is not merely a desirable trait but a strategic necessity that empowers organizations to manage risks, maintain performance, and remain agile. Companies that adopt adaptive strategies, embrace digital tools, and foster collaborative networks are better positioned to recover from shocks and create long-term value. Flexibility, therefore, acts as both a preventative and enabling mechanism within broader resilience frameworks.
At the same time, emerging global challenges such as economic instability, shifting regulations, labor shortages, and cybersecurity threats demand stronger resilience strategies. Mamasoliev (2024) and Singh (2025) show the growing need for digital integration, automation, and sustainability practices to address these pressures. Regulatory complexity and ESG expectations also require firms to rethink operations, streamline compliance, and innovate towards greener, more efficient supply chains. Finally, the combination of flexibility and resilience enables firms to foresee disruptions, put in place strong contingency plans, and prosper in the face of uncertainty. Firms that prioritize these talents will be better able to handle the intricacies of modern supply chains and establish long-term, future-ready operations.
RECOMMENDATIONS
The study recommends that organizations prioritize the integration of digital technologies such as artificial intelligence, machine learning, and real-time analytics to enhance both supply chain flexibility and resilience. These technologies offer improved visibility, faster response times, and proactive risk identification, enabling firms to quickly adapt to disruptions and evolving market demands. Additionally, investing in automation can help counteract labor shortages and increase operational efficiency. The study also recommends fostering collaborative relationships with suppliers and other stakeholders to promote transparency, knowledge sharing, and coordinated contingency planning during uncertain times.
Furthermore, the study recommends that firms adopt dynamic risk management frameworks that incorporate regular assessments of regulatory changes, geopolitical developments, and sustainability goals. Embracing environmentally friendly practices, such as optimizing transportation routes and reducing fuel consumption, not only strengthens resilience but also aligns operations with global ESG expectations. Enhancing cybersecurity infrastructure is equally crucial in an era of digitized supply chains. Finally, the study urges organizations to build a culture of adaptability and continuous improvement through training, scenario planning, and strategic foresight to ensure sustained competitiveness in an unpredictable global environment.
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