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B Rainfall Distribution
Annual rainfall: 2,500 mm
2.5 times the world average

B Runoff Distribution

BTyphoons and Storms

Last century: about 350 typhoons

Area: 36000 km?; Population: 24 M
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In the past 30 years

increases

* Number of torrential rain

e Rainfall intensity enlarges

Average days with daily rainfall >= 200 mm

Number of rainfall

2000-2008
5.7 days

1990-1999

1990-1999
1980-1989 214 tims
W0y 177 times

Number of events
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Risks of Flood Control Facilities (wrareport 2010-2013)

% of river sections
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Risks of Water Shortage

%€ WRA Report_2010-2013

Risk of
Public Use

Risk of
Industrial Use




Outline

> Propose a novel methodology for
nowcasting regional flood inundation maps
during typhoon events

> ldea
v form a topology of inundation maps
v’ continuously update the selected map
according to a forecasted total
inundated volume




Methodology

» SOM: categorize regional inundation maps into a
meaningful topology

» Dynamic neural network (NARX): forecast the total
inundated volume

» Weight adjusting

adjust the weights of selected neurons in SOM
based on the forecasted total inundated volume
to obtain a real-time adapted regional
inundation map



Methods (SOM)

Configure the SOM to categorize a number of regional
inundation maps into a meaningful topology

Flood Inundation Data

Input Layer

Kohonen Map
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Topological Map



Methods (R-NARX)

Build a dynamic neural network (R-NARX) to forecast the
total inundated volume

training phase
Observed data / simulated data

= . . . . o
training, validation & testing phases
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odel Construction
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;“ Flood Inundation Database.

Regional flood inundation maps.

The total number of data in this study is huge
(55 events X 24 hours X 168,986 grids= 223,061,520 ).



The investigated area focus on the inundation-prone region, which is about 270 km? and is
divided into a total of 168,986 grids with a grid resolution of 40m X 40m.

Y y

Zhuangwei

Yuanshan
Waujie

Sanxing

Dongshanc Su'ao

Luodong

The whole area is divided into ten sub-areas.




Form an inundation
topological map for
each sub-area.
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Configuring the SOM to categorize a large
number of regional inundation maps into a
meaningful topology;
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Form an inundation

topological map for
each sub-area.
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Forecast the total
inundated volume
of each sub-area.
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Adjusting the weights of the selected neuron

|t e in the constructed SOM based on the
C - |- wé ‘ forecasted total inundated volume to obtain a
| e ,q real-time adapted regional inundation map.
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Search the best
matched neuron.



SOM - R-NARX can very
quickly (in just few seconds)
carry out one- to three-hour-
ahead forecasting of Yilan area-
wide inundation maps and
thereby lead to real-time flood
forecasting.

Assemble the forecasted inundation maps of all sub-areas.



The maximum absolute errors

errors smaller
than 0.5m are
less than 60%
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Results

Weight information of the 5 5 neurons m the SOM for Zhuangwe!

Item Weight (5 X § neurons)

Maximum inundation depths (m) 0.35 053 068 149  1.80
050 047 077 159 191

0.67 067 102 18  2.00

121 L1100 133 205 237

144 148 152 222 269

Mean mundation depths (m) 0.0 004 011 022 030
003 005 014 031 042

005 008 023 052 065

008 014 03 072 092

0.2 017 045 082 LI7

Total inundated volume (10°m") 025 125 379 751 1044
087 L79 496 1061 1447

189 292 800 1769 2227

288 478 1242 2483  31.60

403 593 1536 2818 4036




Results

Simulated and one-hour-ahead forecasted total flood
volumes in Zhuangwei (the 6th sub-area)
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Performance of 1- to 3-h-ahead forecasts of inundation depths at each sub-areas by the SOM-R-NARX models.

Sub-area Time step RMSE (m) '
Training Validaton Testing Training Validation Testing
| [+1 0o 0.11 012 0493 0490 .89
[+2 1o 0.11 011 0493 0491 0490
[+3 [INN 0.11 011 0491 0491 0491
2 [+1 13 017 016 04592 0491 090
[+2 13 0. 16 017 04592 0492 .89
[+3 014 0. 16 015 04592 0491 091
3 i+1 IR ]1] 0. 10 010 0497 0497 a7
[+2 IR ]1] 011 011 0497 0497 96
[+3 0o 0.12 012 096 0497 096
4 [+1 009 0.07 010 096 0498 196
[+2 0o 0.08 010 096 0498 1495
[+3 IR ]1] 0.08 011 096 0497 0495
5 [+1 o9 008 009 0498 0498 .98
[+2 1o 0.9 011 0498 0498 047
[+3 0o 0.10 011 0497 0497 047
L] [+1 .08 0. 10 010 0498 0498 0497
[+2 .08 0.12 012 0498 0498 .96
[+3 .08 0.11 011 0497 0498 .96
7 i+1 o8 0.08 0,08 0492 0492 09l
[+2 o8 0.08 0,08 0492 0492 091
[+3 .08 .08 009 04592 0492 090
A [+1 15 0.19 0.18 0491 0492 LEY9
[+2 15 0.18 017 0491 0492 090
[+3 15 0.149 019 0491 091 0LEY9
b | [+1 [IRN 0.15 016 096 0494 0493
[+2 o2 0.14 017 096 0495 0493
[+3 o2 0.14 017 0495 0495 0493
1] [+1 i1 0.11 011 0495 0495 .94
[+2 [IRN 0.12 012 0495 0495 0493

[+3 IR 012 013 094 095 093



CH N SOM—R-NARX modsel
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Distribution of the average absolute errors with respect to the CHIM and the SOM—R-NARX model during the Design-A event.




S0OM--E-MNARX model
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Distribution of the maximum absolute errors with respect to the CHIM and the SOM—-R-NARX model during the Design-A event.




Results

Comparison of model execution efficiency between the
CHIM and the SOM-R-NARX model

Total number of sub-models 50
Parameter storage memory size 662 KB 78322 KB

Time-consumption of hourly forecasting 2.0 seconds 2.1 seconds




Conclusions

» The proposed approach offers an insightful and promising
methodology for real-time forecasting 2-dimensional visible
inundation maps during storm events.

» The regional inundation maps stored in the SOM can be
instantly updated during storm events and the precision of the
forecasted inundation maps can be significantly increased by
the real-time forecasts obtained from the R-NARX network. The

proposed hybrid modelling process offers a new insightful
methodology in realizing multi-step-ahead real-time inundation
maps based on rainfall data and historical inundation depths.

» The proposed models can very quickly (in few seconds) carry
out one- to three-hour-ahead forecasting of Yilan area-wide
inundation maps and thereby lead to real-time flood forecasting.
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