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Abstract:

In recent years, global warming has increased the frequency and severity of extreme storm events, super
typhoons, and short-duration and high-intensity rainfall events. Along with the growing awareness of sus-
tainable development, Low Impact Development (LID) techniques are advocated to mitigate the impact on
the environment to reduce surface runoff and to reduce the heat island effect.

The main purpose of this study is to investigate the effect of different stormwater facilities for different storm
sizes on urban areas. The study areas are the flood-prone areas of Tu-Cheng downstream. In this study,
four different cases are designed for comparison with the LID approach, including non-stormwater facilities,
drainage channels with lower (silty loam) or higher (sandy clay load) infiltration rates, and drainage channels
with lower infiltration rates and retention storage ponds. The FLO-2D model is applied for two-dimension
flood distribution on the study areas of different designed cases, and Self-Organizing Map (SOM) is used to
categorize the simulation data into a meaningful and visible inundation topology for displaying the regional
flood inundation extents and severity of these four cases.

Keywords:

Artificial Neural Networks, Self-Organizing Map (SOM), Numerical Simulation, FLO-2D, Flood mitigation
facilities, Flood Inundation

Overview:

1. Introduction

About three to four typhoons hit Taiwan every year and the average annual rainfall is about 2,500 mm. The
rainfall is concentrated in May to November each year which brings abundant water to Taiwan. However,
due to the high development of Taiwan’s cities, the buildings are so dense that the impervious areas are
almost covered. In the whole city, the land use has exceeded the load of the natural environment, the soil
permeability is poor and the surface runoff has greatly increased, resulting in insufficient drainage facilities
to discharge and cause flooding. Therefore, how to increase the urban water retention rate and reduce
the impact of urban development on the environment becomes one of the major issues for water resources
management.

2. Purpose

Taking the flooding in the Tu-Cheng area as the research object, the numerical software FLO-2D is used to
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establish the flooding situation generated by different combinations of Low Impact Development facilities
and to explore the best flood reduction effect by LID facilities. In addition, Self-Organizing Map (SOM) is
used to carry out the cluster analysis to explore the correlation characteristics of flood mitigation factors
with flooding conditions. Finally, it is expected that the results of this analysis can effectively solve the
problem of urban flooding.

3. Study area

Tu-Cheng district is a municipal district of New Taipei City, with a population of about 240,000 and an area
of about 30 square kilometers. It is located in the southwest corner of the Taipei Basin, and the northeast
corner is adjacent to Banqiao District. The Southeast is backed by mountains and faces the water. Its
location map is listed as vulnerable to flooding. Due to the highly developed and densely populated areas,
the loss of flooding can be quite heavy.

4. Methodology

4.1 FLO-2D

This model is a two-dimensional flood disaster simulation model developed by an American company. It uses a
one-dimensional variable flow model and a two-dimensional overland flow model to simulate one-dimensional
flow, street flow, and two-dimensional overland flow. When the overflow occurs, the interaction mechanism
between the channel outside the embankment and the surface of the embankment can be calculated which can
effectively simulate the flooding situation. The model channel calculation method is to use the continuous
equation and the dynamic wave model to simulate the finite difference method, simulate the speed and depth
of fluid flow and estimate the reasonable submerged area as a flood disaster prediction tool.

4.2 Self-Organizing Map (SOM)

The SOM, introduced by Kohonen (1982), is a useful clustering method that can classify a large set of
high-dimensional data to form a meaningful topological map derived from the low-dimensional (usually two-
dimensional) output layer of the network. The topological map can be used to visibly conduct an assessment
of the behavior of input variables and the multi-relations among variables through the constructed clusters.
The SOM has advantages of information extraction and visualization and has been widely used in water
resources problems.

4.3 Low Impact Development (LID)

The main purpose of LID is to apply flood retention, infiltration and evaporation that are common in current
drainage design and planning, and to increase urban park green space, so as to delay the flood peak when
floods come and reduce flood volume to maintain the hydrological state before land development as much
as possible.

5. Expected results

This study is to collect the elevation date distributed in the Tu-Cheng urban area, the rainfall data from
the Tu-Chung rainfall stations, and the satellite imagery to build houses, roads and channels. Besides,
the purpose is to explore the effect of different flood mitigation facilities on urban flooding. Taking the
flooding situation in the downstream easily flooded area of Tu-Chung district as the research object, the
numerical software FLO-2D simulated the flooding situation of different flood mitigation facilities. The flood
reduction effect of the combination of LID facilities, and use the SOM to conduct cluster analysis to observe
the interactive relationship between the trend of flooding and the factors of flood mitigation facilities, and
provide the lowest environmental damage and can improve its maximum reduction.
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