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Abstract

Groundwater serves as the vital water source sustaining regional ecological security and economic development in arid and semi-arid
regions. Its dynamic patterns directly impact the sustainability of water resource management. Integrating geological mapping, water
level monitoring, and hydrogeological data to analyze groundwater’s spatiotemporal evolution and recharge-discharge characteristics
is crucial for understanding regional groundwater dynamics and identifying driving factors. This approach enables the establishment
of an integrated management system combining monitoring, regulation, and restoration. Through technological innovation,
engineering solutions, and institutional safeguards, this framework ensures dynamic equilibrium between groundwater extraction and
recharge, alleviates water supply conflicts, and provides practical support for sustainable groundwater development and ecological-
geological protection in arid regions. Ultimately, it facilitates effective water resource utilization, ecological conservation, and the
achievement of sustainable development goals.
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