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Abstract

Critical mineral supply chains are characterized by highly concentrated resource distribution and
processing capacity, price financialization, and long development cycles. Traditional governance
approaches face limitations in information perception, transmission analysis, risk warning, and re-
sponse decision-making. From an engineering application perspective, this paper develops a four-
stage analytical framework comprising risk perception, risk assessment, risk warning, and risk re-
sponse. By integrating technologies such as natural language processing, knowledge graphs, ma-
chine learning, and intelligent optimization, it examines the engineering applications of artificial
intelligence in multi-source information identification, risk transmission analysis, dynamic warn-
ing, and response optimization, while also discussing constraints related to model reliability, data
security, domain adaptability, and organizational coordination. The study suggests that model val-
idation and data governance mechanisms should be improved, the integration of industry
knowledge and artificial intelligence should be strengthened, human-AI collaboration and cross-
actor coordination mechanisms should be enhanced, and intelligent analytical outputs should be
translated into engineering practices for risk governance, thereby improving the risk governance
capacity of critical mineral supply chains.
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