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ABSTRACT

The United Nations Economic and Social Commission for Asia-Pacific
(ESCAP) pointed out "The Disaster Riskscape Across Asia-Pacific:
Pathways for Resilience, Inclusion, and Empowerment" in 2019 that the
Asia-Pacific region has been affected by floods, typhoons, tsunamis, and
droughts for many years. Climate change has caused changes in rainfall
patterns and increased the frequency of extreme hydrological events. To
ensure the safety of people's lives and property and reduce flood losses,
various government agencies have actively promoted scientific and
technological disaster prevention and established the smart flood prediction
system in urban areas to improve the efficiency and quality of decision-
makers’ decision-making. This team will use our long-term artificial
intelligence (Al) research experience and technology to build an Al-based
flood forecasting system for urban areas and apply the real-time flooding
observation data of the Smart Flood Prevention IoT. Thus, the Al-based
flood forecasting model can be continuously learned and refined to improve
the accuracy of flood forecasting as well as help the value-added application
of real-time multiple disaster prevention information.

This project has taken Yunlin County and Chiayi County (City) as the
demonstration areas. The flooding datasets, which are simulated based on a
two-dimensional flooding simulation model and obtained from the Water
Resources Agency, as the virtual big-data are used to train and validate the
Al-based flood forecasting system in the study areas. The constructed
system has designed an interface to access the installed IoT sensors' real-
time data and implemented those data to timely update and refine the Al-

based flood forecasting models. The proposed Al-based flooding forecasting
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system is a hybrid model of two artificial neural networks for multi-step
ahead flooding forecasts. The modeling process mainly consists of three
major schemes: (1) configuring the self-organizing map (SOM) to categorize
a large number of regional inundation maps into a meaningful topology; (2)
building a recurrent configuration of nonlinear autoregressive with
exogenous inputs (R-NARX) combined with the IoT information to forecast
the total inundated volume; and (3) adjusting the weights of the selected
neuron in the constructed SOM based on the forecasted total inundated
volume to obtain the most suitable multi-time forecast regional flooding map.

This project develops a real-time correction algorithm for refining
RNARX mode. Coupling the [oT monitoring data with the great capability
of RNARX model in handling time-series data, the Al-based flood
forecasting system has the ability of continuous learning and correction to
promote its forecasting reliability and accuracy; The study has also worked
on database design, automatic operation module (including statistical
flooding calculation), web page display interface that can output KMZ,
JSON files and flooding maps, provide real-time flooding forecast results,
display on electronic maps, such as GoogleMap and GoogleEarth. The
future 1~ 3-hour average flooding depth, occurrence location, and flooding
statistics could show the real-time flooding prediction results and timeliness
concretely in the study area, which helps disaster prevention agencies to
grasp the degree and scope of flooding at any time. The Al-based-flood
forecasting system would increase the value-added application of smart
disaster prevention [oT infrastructure, especially the real-time IoT flooding

observation data.
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The results of Al-based flood forecasting models in Chiayi County
(City) and Yunlin County were validated with the torrential rain event on
May 22, 2020, and the torrential rain event on August 26, 2020, respectively.
The results showed that the next 1-3 hours forecasted flooding scope and
degree are consistent with the actual flooding situation. The accuracy will
be increased if the IoT monitoring data are used to update the relative
parameters. Therefore, in the future, the monitoring data of the Internet of
Things will be continuously collected to on-line adjusting the Al-based flood
forecasting model to improve the reliability and accuracy of the flood
forecasts. The forecast data generated by the Al-based flood forecasting
system is also provided in API to the multi-source early warning display
platform of the Disaster Prevention Center of the Water Resources Agency.
It can be used to display the flood situation at different times and different
time intervals for Chiayi County and Yunlin County, respectively. The alert
level provides the disaster prevention center with real-time control of the
flooding situation of each county. In this project, a training program will be
conducted on November 19, 2020, so that relevant personnel of the Water
Resources Agency will be familiar with the operation of the system. The
research results have been satisfactorily written in academic papers, and one

of them has been published in the Journal of Hydrology in October 2020.

Keywords: Neural network, real-time correction, Regional
flooding forecast, Self-organizing feature neural network (SOM),
Recurrent configuration of nonlinear autoregressive with exogenous

inputs (R-NARX), Flooding topology map, Smart flood warning
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https://den.ncdr.nat.gov.tw/media/1018/2017%E5%B0%BC%E8%8E%8E%E6%9A%A8%E6%B5%B7%E6%A3%A0%E9%A2%B1%E9%A2%A8%E7%81%BD%E5%AE%B3%E5%A0%B1%E5%91%8A-%E6%8A%80%E8%A1%93%E5%A0%B1%E5%91%8Apdf.pdf
https://den.ncdr.nat.gov.tw/media/1018/2017%E5%B0%BC%E8%8E%8E%E6%9A%A8%E6%B5%B7%E6%A3%A0%E9%A2%B1%E9%A2%A8%E7%81%BD%E5%AE%B3%E5%A0%B1%E5%91%8A-%E6%8A%80%E8%A1%93%E5%A0%B1%E5%91%8Apdf.pdf
https://den.ncdr.nat.gov.tw/1132/1188/1204/1210/1556/#relatedLink
http://www.emic.gov.tw/cht/upload/disaster_history/25/384b611a6c55825e8121b9c2f1d6c83b.pdf
https://den.ncdr.nat.gov.tw/media/1019/20170601%E8%87%B4%E7%81%BD%E5%9E%8B%E6%A2%85%E9%9B%A8%E7%81%BD%E5%AE%B3%E5%A0%B1%E5%91%8A-%E6%8A%80%E8%A1%93%E5%A0%B1%E5%91%8A.pdf
https://den.ncdr.nat.gov.tw/media/1019/20170601%E8%87%B4%E7%81%BD%E5%9E%8B%E6%A2%85%E9%9B%A8%E7%81%BD%E5%AE%B3%E5%A0%B1%E5%91%8A-%E6%8A%80%E8%A1%93%E5%A0%B1%E5%91%8A.pdf
https://den.ncdr.nat.gov.tw/media/1019/20170601%E8%87%B4%E7%81%BD%E5%9E%8B%E6%A2%85%E9%9B%A8%E7%81%BD%E5%AE%B3%E5%A0%B1%E5%91%8A-%E6%8A%80%E8%A1%93%E5%A0%B1%E5%91%8A.pdf
https://den.ncdr.nat.gov.tw/media/1021/2016%E6%A2%85%E5%A7%AC%E9%A2%B1%E9%A2%A8%E7%81%BD%E5%AE%B3%E5%A0%B1%E5%91%8A.pdf
https://den.ncdr.nat.gov.tw/media/1021/2016%E6%A2%85%E5%A7%AC%E9%A2%B1%E9%A2%A8%E7%81%BD%E5%AE%B3%E5%A0%B1%E5%91%8A.pdf
https://den.ncdr.nat.gov.tw/1132/1188/1204/1619/4011/
http://www.emic.gov.tw/cht/upload/disaster_history/15/b8c08059cafe7a33471ca59e1439748b.pdf
http://photino.cwb.gov.tw/rdcweb/lib/cd/cd07mb/web_MB_5301/web_5301-4_final.pdf
https://den.ncdr.nat.gov.tw/media/1024/2015%E5%B9%B4%E8%98%87%E8%BF%AA%E5%8B%92%E9%A2%B1%E9%A2%A8%E7%81%BD%E5%AE%B3%E8%AA%BF%E6%9F%A5%E5%BD%99%E6%95%B4%E5%A0%B1%E5%91%8A.pdf
https://den.ncdr.nat.gov.tw/media/1024/2015%E5%B9%B4%E8%98%87%E8%BF%AA%E5%8B%92%E9%A2%B1%E9%A2%A8%E7%81%BD%E5%AE%B3%E8%AA%BF%E6%9F%A5%E5%BD%99%E6%95%B4%E5%A0%B1%E5%91%8A.pdf
https://den.ncdr.nat.gov.tw/media/1024/2015%E5%B9%B4%E8%98%87%E8%BF%AA%E5%8B%92%E9%A2%B1%E9%A2%A8%E7%81%BD%E5%AE%B3%E8%AA%BF%E6%9F%A5%E5%BD%99%E6%95%B4%E5%A0%B1%E5%91%8A.pdf
https://den.ncdr.nat.gov.tw/1132/1188/1204/2082/2109/
https://hk.on.cc/tw/bkn/cnt/news/20140603/bkntw-20140603171642186-0603_04011_001.html
https://den.ncdr.nat.gov.tw/1132/1188/1204/2115/2140/
http://www.emic.gov.tw/cht/upload/disaster_history/41/fb2b2d15c572eec1aa28790057c0a459.pdf
https://den.ncdr.nat.gov.tw/1132/1188/1204/2339/2363/
http://www.emic.gov.tw/cht/upload/disaster_history/63/d66814be51670345333a695f34d8a54c.pdf
https://den.ncdr.nat.gov.tw/1132/1188/1204/2444/2499/
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{"lat":"23.4977",
"lon":"120.4248",

"locationName":" & %",

"stationld":"467480",

"time": {"obsTime":"2020-08-03 15:40:00"},
"weatherElement":[
{"elementName":"ELEV","elementValue":"26.90"},
{"elementName":"RAIN","elementValue":"-998.00"},
{"elementName":"MIN_10","elementValue":"-998.00"},
{"elementName":"HOUR 3","elementValue":"-998.00"},
{"elementName":"HOUR_6","elementValue":"-998.00"},
{"elementName":"HOUR 12","elementValue":"9.00"},
{"elementName":"HOUR 24","elementValue":"17.00"}]}

lat(% & )~lon( 5 & )~locationName(# 2t 7 £L)stationld(iR] =& S 5)
time(BLP| ¥ ¥ ) ~ ELEV(P| 2k B 42) ~ RAIN(1 | FF A = &) »

FOREE = | MIN_10(10 #4827 4= £) - HOUR 33 /| R ff & £)
HOUR_6(6 -] FF % &= &) ~ HOUR_12(12 /] P& A ff & &) ~
HOUR 2424 -] FF R f& = &)

ke | API

S ¥ 58 | UTF-8

. https://opendata.cwb.gov.tw/api/v1/rest/datastore/O-A0002-
001?Authorization=rdec-key-123-45678-011121314

PR | Y Lk

7L % ik : https://data.gov.tw/dataset/9177
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https://data.gov.tw/dataset/9177
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/Read/PhysicalQuantity/ {PhysicalQuantity Id}

QPF'?IOT&%.@ e : : "Id": "11cb78be-e2ca-4315-9d0b-d4f0593a42e5",
‘ "TimeStamp": "2020-08-03T11 ) )¢ =
’J\}fg\; B % T F‘i B 4 "Value": 0.0,

5 "ValueStatus": ©
/ReadAggregatedData/{PhysicalQuantityld}/{StartDT}
/{EndDT}/{AgMethod}/{Aglnterval}/{TimeZone}

2 )848df79",

5 00+08:00",

}:ﬁ_Q IOTﬁ’é\i /\{*\ ’i":
KERER LW | ,
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Research papers
Explore training self-organizing map methods for clustering
high-dimensional flood inundation maps

Li-Chiu Chang® ", Wu-Han Wang *, Fi-John Chang °

2 Department of Water Resources and Environmental Engineering, Tamkang Universicy, New Taipei City 25137, Taiwar, ROC
® Department of Bicenvironmental Systems Enginesring, National Taiwan Universiy, Taipei 10617, Taiwan, ROG

ARTICLE INFO ABSTRACT
This manuseript wes handled by Andras Bar- The Self-Organizing Map (SOM) can supportively organize complex datasets such as highly dimensional flood
dossy, Editor-in-Chief inundation maps. Nevertheless, SOM may produce distinct patterns after being trained with identical samples or

may not converge in clustering highly dimensional datasets, which causes usability concerns and prevents its
Ke)'_wards: . applications from a broader spectrum. Motivated by such concems, two training strategies (S1 and 52) were
ifh'gx_gam:n? Map (20M) proposed to configure SOM based on a large number of highly dimensional flood inundation maps associated
oe¢ iundation map with two basins located in southern Taiwan. 51 focused mainly on the weights’ adjustments in the ordering stage,
while 52 would methodically balance the ordering and convergence activities on the weights’ adjustments. The
effectiveness and suitability of 51 and S2 were inspected in detail by using coverage ratio, flip detector, and five
clustering indices based on their configured topological maps in the two basins. The clustering results showed
that the flip detector and the coverage ratio could visibly and objectively examine the suitability of the
configured topological map. It was noticed that the influences of the ordering and convergence stages upon both
training strategies for building SOM could significantly affect the coverage ratio as well as flip condition.
Comparing the SOM topological maps implemented separately with each strategy, S2 strategy has a lower
probability of causing a flipping situation and takes far fewer iterations to train a model of the same network size,
which indicates 52 is more efficient and effective than 51 in configuring the SOM topological map for repre-
senting regional flood inundation maps.

Topological map
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