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A study of applying self-organizing map to probabilistic
flood early warning based on radar reflectivity
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Abstract

The frequency and intensity of hazardous weather events have increased year by year under
climate change. In recent years, occurrence of extreme rainfall has been frequent in Taiwan as
well, resulting in an accumulation in the probability of flooding disasters. For the rainfall-
flooding warning, the Water Resources Agency applies rainfall thresholds of ground rain gauges
to each township scale. However, the current flood early warning system only provides
deterministic warning messages without any information about the uncertainty that can help
communities adapt better strategies. Therefore, an unsupervised neural network is applied to
develop a probabilistic flood early warning system (PFEWS) for the village-scale in this study.
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To develop the PFEWS, this research collected real-time radar reflectivity maps and historical
rainfall data in the flood-prone area of Taipei City, Zhonghua village in Songshan District, from
2014 to 2021, and its nearest observation stations are Changan Elementary School Station and
Minsheng Junior High School Station. Then the study used a neural network (Self-organizing
map, SOM) to establish the relationship between the study area's three-dimensional space radar
reflectivity data and the actual rainfall observations. After that, the K-means clustering vectors
corresponding to flooding disaster events could be analyzed by extracting the correlation
between the radar reflectivity and the probabilistic hazards. Nest, to establish the accurate
correlation, data would be downscaled to few training materials by Nest-SOM. Additionally,
the probabilistic rainfall range could be carried out in each topological map. The research results
show that after clustering by the proposed model, the radar reflectivity classification is highly
correlated with the probability of flooding disaster events and over 50 mm of hourly rainfall
and the information of the rainfall characteristics by three-dimensional radar features. Through
the final training of Nest-SOM, the rainfall warning threshold could be adjusted to 40 mm, and
the proposed model could provide accurate inundation maps for 1- to 3 -h lead times. The
PFEWS based on the proposed SOM model and radar reflectivity could provide a probabilistic
flood warning message with the enhanced spatial resolution for communities to adopt
preventive measures.

Keywords:  radar  reflectivity * self-organizing map > K-means > Nest-SOM ° rainfall
threshold ’ probabilistic flood early warning system
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