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Designand Applicationofthe "Four-Prediction" Linkage Mechanism for
Water Resourcesina Certain Arid Region

Lizhang Fu
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Abstract: The transitional zone between arid and semi-arid regions in Northwest China is characterized by sudden and
intense rainstorm-induced floods. However, the "Forecast-Early Warning-Rehearsal-Plan" ("Four-Pre" )
functions in traditional water resources management systems are loosely coupled, resulting in delayed flood
response and low decision-making efficiency. To address this issue, this paper takes a typical arid region
irrigation district as the study area and designs and implements a digital twin water resources management
system centered on the closed-loop coordination of "Forecast-Early Warning-Rehearsal." First, a nowcasting
ensemble forecasting model integrated with real-time dynamic correction was constructed, extending the
forecast lead time to 72 hours. Subsequently, a multi-level dynamic early warning rule base coupling "water
level-discharge" relationships with forecasting results was defined, transforming passive alarming into
proactive prediction. Furthermore, interactive flood evolution rehearsal and plan visualization matching were
realized within a three-dimensional digital twin scenario. Retrospective validation based on measured data
from two key flood control reservoirs in the study area during the flood seasons of 2023-2025 demonstrates
that, compared with the original manual experience-based mode, the proposed method extends the average
early warning lead time from 11.2 hours to 64.5 hours, improves the early warning accuracy from 80% to
96%, and reduces plan rehearsal and adjustment time from approximately 1.5 hours to within 5 minutes. The
Nash-Sutcliffe efficiency coefficient remains above 0.70 across different forecast lead times. This system
provides a feasible and efficient technical paradigm for the construction of "Four-Pre" systems in similar arid

region water engineering projects.
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