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Abstract; To clarify the research status, key technical requirements, and future directions of DT for water engineering
in high-altitude alpine environments, a comprehensive literature synthesis was conducted following the PRISMA proto-
col, with Web of Science, Scopus and CNKI as the main databases and a search period from 2015 to 2026. A total of
52 core publications were included for in-depth analysis, with 64 references cited when combined with background lit-
erature, and the research progress and critical challenges of DT technology in water engineering were systematically ex-
amined from the unique perspective of high-altitude alpine environments. The results show that; the field has expanded
rapidly since 2020, yet water distribution networks and wastewater treatment account for nearly 70% of existing re-
search, while plateau and cold-region case studies remain extremely scarce; fewer than 5% of full-scale deployments

achieve genuine bidirectional physical-digital closed-loop control, with most operating in "

advisory-only" mode; plat-
eau environments impose four critical technical requirements multiphysics coupled simulation, low-power edge compu-
ting, intelligent freeze-thaw early warning, and adaptive scheduling that have not been adequately covered by current
research. Based on these findings, a phased implementation roadmap from the near term to the long term is proposed,
and a demonstration project based on the Tibetan inter-basin water transfer scheme is recommended.
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