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Abstract

Flash floods are characterized by rapid onset and short lead time, and are often accompanied by
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secondary hazards such as landslides and debris flows, making them a leading cause of casualties in
mountainous areas during flood seasons. Taking the form of warning criteria and the modeling ap-
proach as the organizing thread, this paper classifies flash flood early warning technologies into three
categories—threshold warning, hydrological model warning, and coupled meteorological-hydrologi-
cal warning—and compares them across five dimensions: the criterion object, input data, lead time,
applicable conditions, and limitations. The results show that the three categories differ markedly yet
complement each other in criteria and modeling, collectively evolving from static to dynamic criteria,
from single-point to multi-source information, and from empirical methods to mechanism- and data-
driven approaches. On this basis, the paper further discusses the intelligent development of early
warning in precipitation forecasting, flood forecasting, and warning indicators and decision support,
elaborates on the role and quantitative performance of artificial intelligence (AI) as an enabling
method across these stages, and examines the practical challenges of operationalizing Al in terms of
data, models, computing power, and human-computer interaction. These results can serve as a tech-
nical reference for the construction and intelligent upgrading of flash flood monitoring and early warn-
ing systems, and are of substantial applied value for strengthening disaster prevention and mitigation
capacity in mountainous areas and safeguarding the lives and property of local communities.
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Figure 1. Flash flood early warning technology system
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Table 1. Comparison of three types of flash flood early warning technologies
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Figure 2. Intelligent development directions of flash flood early warning
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