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The Digital Resilience Paradox: Reconstruction of “Modular Digital Capabilities”
and Supply Chain Risk Hedging Mechanisms in Small and
Medium-sized Manufacturing Enterprises

LONG Haifeng, QIU Xiaochuan

(School of Economics and Management, Hunan University of Science and Engineering, Yongzhou 425199, China)

Abstract: To resolve the “Digital Resilience Paradox” (the dilemma of high investment and low effectiveness) faced by small and medium-sized
manufacturing enterprises (SMMESs) during digital transformation, focusing on their supply chain risk governance context, a modular digital
capability reconstruction path and a risk hedging mechanism were proposed. Using a multi-case comparative research method, the practices of
three typical SMMEs were deeply analyzed. Findings reveal that by deconstructing digital capabilities into four recombinable modular layers
such as the foundational data layer, core functional layer, intelligent decision-making layer and collaborative interaction layer, enterprises can
adopt a risk-scenario-oriented approach to deploy key modules (for example demand sensing, flexible scheduling) incrementally. This
significantly lowers the transformation threshold and enhances agility. Furthermore, by constructing a “precision identification-dynamic
assessment-collaborative response” hedging mechanism, empirical evidence demonstrates that modular combinations can reduce risk
identification time by 30% and decrease supply chain losses by over 25%. Theoretically, a modular digital capability framework is pioneered.
Practically, it provides an actionable path featuring *lightweight deployment and dynamic recombination”, systematically resolving the
paradoxical relationship between digitalization and resilience enhancement under resource constraints.

Keywords: digital resilience paradox; modular digital capabilities; supply chain risk hedging; small and medium-sized manufacturing

enterprises (SMMESs) ; capability reconstruction path
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