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Abstract [ Objective] The water intake of a water source is a critical component of urban water supply systems, and the stability of
the surrounding water quality directly affects the water quality entering the water treatment plant and the safety of the water supply. This
paper reviews recent advancements in water quality early warning and forecasting technologies for water source intakes. It examines the
applications of mechanistic and non-mechanistic models, analyzes current technical challenges, and proposes future research
directions. [ Methods ]|  Domestic and international research achievements related to water quality forecasting and early warning
technologies are systematically sorted out, with a key focus on the critical scenario of water source intakes. On this basis, an in-depth
analysis of the technical principles, application scenarios, and practical performance of both mechanistic and non-mechanistic models
was conducted, and the advantages and limitations of the two types of models are systematically reviewed. [ Results |  Among
mechanistic models, numerical models effectively describe pollutant diffusion patterns and temporal changes but are limited by input
data quality and regional characteristics. Physical models are suitable for studying water quality in complex environments but face

experimental difficulties and limited adaptability. In non-mechanistic models, statistical models identify trends in water quality changes
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but do not fully account for the dynamic processes of aquatic systems. Machine learning methods, trained on large volumes of historical

data, have the potential to improve prediction accuracy for complex, nonlinear, and temporal data. However, current water quality

forecasting technologies face challenges such as inconsistent data quality, inadequate forecasting accuracy, and the lack of an integrated

early warning system. [ Conclusion ]

Future research should focus on enhancing data collection accuracy, improving short-term

forecasting precision, and advancing multi-source data fusion techniques. These developments will facilitate more efficient and accurate

water quality forecasting and support emergency decision-making at water source intakes, ensuring both water quality safety and the

sustainable use of water resources.
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Fig. 1 Schematic Diagram of the MIKE21 Triangular Grid
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