


 



臺日「河川預警與模擬技術」交流講席會 

Taiwan-Japan River Flood Warning and 

Simulation Technology Workshop 
 

In today's world, water resource management and disaster 
prevention have become crucial issues that countries worldwide must 
collectively face. This is especially true in the context of research and 
application of river flood warning and simulation technologies, which 
are indispensable. Taiwan and Japan are two island nations that are 
prone to frequent earthquakes and often affected by typhoons. The 
river systems in Taiwan and Japan play vital roles, impacting various 
aspects such as agriculture, urban development, and ecological 
conservation. Thus, through the “Taiwan-Japan River Flood Warning 
and Simulation Technology Workshop", we explore and strengthen 
collaboration and communication between the two countries in this 
field. 

Rivers are not only vital sources of water resources but also 
significant areas for human life and production. However, rivers also 
serve as important pathways for natural disasters, including disasters 
like floods and landslides, which frequently cause severe losses and 
disruptions. Consequently, the development of effective river flood 
warning systems and simulation technologies is crucial for ensuring 
the safety of people's lives and properties. Taiwan and Japan, being 
countries prone to earthquakes and typhoons, have profound needs 
and experiences in river flood warning and simulation technologies.  
While both countries have relatively well-developed hydraulic 
engineering and disaster prevention systems, they must continuously 
innovate and improve to confront new challenges like climate change. 
Through this workshop, we hope to collectively discuss the latest 



developments, research findings, and application cases of river flood 
warning and simulation technologies, seeking better ways to address 
future challenges. Furthermore, both countries possess abundant 
resources and advantages in technology and talent. Taiwan is home to 
many outstanding tech professionals and research institutions, while 
Japan has numerous globally recognized universities and research 
organizations. Through this workshop, we can promote technological 
exchange and cooperation between the two countries, jointly 
promoting innovation and application in river flood warning and 
simulation technologies. Therefore,  this workshop is organized by 
the Sinotech Foundation for Research & Development of Engineering 
Sciences & Technologies, the Ecological Engineering Research 
Center of National Taiwan University, the Hydrotech Research 
Institute of National Taiwan University, and Sinotech Engineering 
Consultants, Ltd. Also co-sponsored by the Sustainable Development 
Committee of the Chinese Institute of Civil and Hydraulic 
Engineering and the Water Resources Committee of the Chinese 
Institute of Civil and Hydraulic Engineering. and The Department of 
Bioenvironmental Systems Engineering of National Taiwan 
University, the Department of Civil Engineering of National Taiwan 
University, and the Department of Civil Engineering of National 
Chung Hsing University , Sinotech Engineering Consultants, Inc. co-
organizes the event. 

The Sinotech Foundation for Research & Development of 
Engineering Sciences & Technologies is dedicated to elevating the 
domestic standards of hydraulic and civil engineering technology. In 
addition to actively gathering relevant domestic literature on 
hydraulic and civil engineering, the Foundation actively introduces 
advanced technologies from abroad. Hence, through this workshop, 
we invite academic institutions with substantial experience and 
expertise, such as Hokkai-Gakuen University in Japan, National 



Taiwan University, and National Chung Hsing University, to 
participate. Particularly in the fields of hydrology, water resource 
management, and geographic information systems, their participation 
will facilitate technical exchange and knowledge sharing, driving 
continuous innovation and improvement in river simulation 
technology. Additionally, the Foundation has invited the Japan River 
Information Center to participate in the workshop, facilitating the 
exchange of river hydrological data, meteorological information, and 
hydrological observation data. This is crucial for Taiwan's research 
and development of river flood warning systems. This workshop can 
promote cooperation between Taiwan and the Center, fully utilizing 
its rich data resources to ensure the reliability and accuracy of river 
flood warning systems. 

We also hope that this workshop will provide an opportunity to 
promote cultural exchange and deepen friendship. Despite the 
geographical distance between Taiwan and Japan, there are many 
commonalities in culture, history, and values. Through the Taiwan-
Japan River Flood Warning and Simulation Technology Workshop, 
we can deepen mutual understanding and friendship, collectively 
contributing more to global water resource management and disaster 
prevention. It will also strengthen cooperation and communication 
between the two countries in the field of water resource management 
and disaster prevention, promoting technological innovation and 
talent development, and making positive contributions to the 
sustainable development of the region and the world. 
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Result of driftwood deposition with root effect in simulation
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S=0.0070, Q=0.00110 m3/s

S=0.0045, Q=0.00100 m3/s

Large discharge / Low slope

Large discharge / High slope

Root part

S=0.0070, Q=0.0011m3/s

S=0.0045, Q=0.0010m3/s
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Río Ucayali, Peru
-32 years (1982-2015) Landsat Image

Alexander B. Bryk (2015)
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Meander migration of Ichilo River and Sajta River, Bolivia

Source: Google Earth Engine (30 years variation)
Width: 250-300 m
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3d density flow simulation by Nays3Dv
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Tidal Prizm of the Ishikari River, Japan
Nays3Dv



3D flow passing threw an obstacle simulated
Nays3Dv

Tracer tracking simulation by GELATO (former UTT)
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Speaker Introduction

(Photoed in 2010)

    YYueheh-h-Yangg Li
Sinotech Engineering Consultants LTD. (2019~Now)
Sinotech Engineering Services LTD. (2010~2018)
• Strategy for enhancing the capacity and resilience of urban drainage systems to

rainfall in Taipei City(2022~2024)
• Design of underground detention basin on the north side of the Shilin Official

Residence in Taipei City(2023)
• Review and correction management planning for the Qiadongxi River(2021~2024)
• Establishment water resources supply and demand platform in the northern

region(2019~2020)
• Construction flood and inundation warning system of Yunlin County(2012~2018)
• Analysis of dam breaches in barrier lakes for Zhuoshui River basin(2016)
• Investigation, analysis, and review of flooding levels and flood protection for the

Taipei Metro system(2013~2015)
• Comprehensive inspection of tsunami impacts on nuclear facilities(2011~2012)
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36,000km2
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Geographic location
Zhuoshui River Basin 
(Longest River in Taiwan)

1. Zhuoshui River Basin (186.7km; 
3156.9km2)

2. Changhua County Seawall (64km)
3. Changhua County Regional Drainage 

(1,074km2)

The Zhuoshui River

• runs through 21 townships spanning 
four counties: Nantou, Chiayi, 
Changhua, and Yunlin.

• The cultural, social, and economic 
activities along its basin hold a 
crucial position in Taiwan.
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Height(m) Percentage
<100 7.5%
100-1,000 28.5%
1,000-2,000 34.7%
2,000-3,000 25.3%
3,000 4%
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Geomorphological Characteristics 1

Terrain slopes from east to west, with increasing 
slope from west to east

1,000-2,000 34.7%%
2,000-3,000 25.3%%
3,000 4%

Slope S Percentage

S>15% ( 8.5 ) 88.6%

S>56% ( 29.25 ) 62.5%

S>74% ( 36.5 ) 34%

Average elevation : 1,422 meters Average slope : 54.75%

Upper reaches : rugged mountains and deep valleys

Lower reaches : gentle terrain and multiple alluvial fans

Tributaries: steep and towering terrain
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S 1/140 1/10

SINOTECHH E i iE C lt tC LtLtd

S 1/180 1/140S 1/2600 1/180

Middle stream
S 1/180 1/140

Upstream
S 1/140 1/10
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Geomorphological Characteristics 2

Downstream
S 1/2600 1/180

Significant variations in elevation, with short river channels and steep slopes. 

Upstream area are prone to erosion and collapse, resulting in a high sediment content.

The annual sediment yield : 49.52 million tons

Savg.=1/55
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Hydrological Characteristics

• Rainfall concentrated in wet season (May to October), with 
an 8:2 ratio of wet to dry periods.

• Main rainfall sources include Mei-Yu front (May to June) and 
typhoons (July to September)

• Rainfall distribution: increases from west to east, with more 
rainfall in mountainous areas than plains.

• Rainfall center: Alishan and Qilai Mountains

Average rainfall in the basin : 2,500 mm/year

Rainfall is concentrated, uneven distribution in time and space
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During Typhoon Herb in 1996
flood peak rose and fell rapidly
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Flood Characteristics 1
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• Steep slopes and rapid flow, with 
short arrival time of floods.

• Large peak flow and rapid flood 
propagation.
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Flood arrival 
Time 9.2 hr

Above Shuanglong
Bridge 3.5 hr

Qingshui River
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Below Shuanglong Bridge
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2 Disaster Prevention
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Flood Characteristics 2
Steep slopes and rapid flow
with a short arrival time of floods.

se study on
vention 5. Future vision
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Disaster Potential

Disaster characteristics:
Concentrated heavy rainfall, high rainfall intensity. 
Meandering effect and excessively high water levels 
exacerbate the extent of flooding.
Accumulation of debris and sediment, rising water levels, 
leading to breaches with boulders and driftwood.

Disaster potential:

• Debris flows
• Landslides, dammed lakes

• Riverbank breaches
• Flooding

Causes of disasters (in the Changhua area)
Poor connection of runoff from Bagua Mountain Plateau.
Subsidence of southwest coastal strata.
Inadequate drainage capacity of floodways.

Riverbank Typhoon Flooding Disaster Distribution Map
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Typhoon Sinlaku
floods the Lushan area

12

Major Flood Events Over the Years 1

The Great Flood of 1898

Typhoon Deter

August 7th Flood

Typhoon Doug

Typhoon Herb

Typhoon Herb

921 JijiEarthquake

Typhoon Toraji

Typhoon M
indulle

0609 Heavy rain

Typhoon Sinlaku

Typhoon M
orakot

0601 Heavy rain

Typhoon Khanun

0601 Heavy rain, Toukeng creek and 
Heshexi landslide dam

Typhoon Morakot, Xinshan revetment 
of Chenyoulan River washed away

Typhoon Toraji, upstream revetment of 
Chuxiang Bridge in Dongpu River was damaged

Typhoon Khanun, Tarowan
Creek overflows
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Major Flood Events Over the Years 2
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Major Flood Events Over the Years 3 Typhoon Toraji Disaster in 2001

Debris flow (along 
Gaozouliao Creek estuary)

Embankment breach (Mudiji
Liao on Dongpu Rui Creek)

Downstream Groundsills
damage near Xingzheng
Bridge on Qing Shui Creek

Damage to Rui Cao Bridge on 
Qing Shui Creek

Damage to upstream embankments 
and residential houses (near Chu 
Xiang Bridge on Dongpu Rui Creek)

Debris flow in Nanqingshuigou
Creek, causing flooding and damage 
to roads and embankments

Debris flow on Dongpu Rui Creek, 
damaging embankments near 
Yanping Bridge
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Major Flood Events Over the Years 4 Typhoon Toraji Disaster in 2001
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Chenyoulan River Tongfu
embankment breached
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Major Flood Events Over the Years 5 Typhoon Morakot Disaster in 2009

Chenyoulan River 
Zhongzhuang and Xinglong 
embankments breached

Chenyoulan River Shang'an
embankment damaged

Qingshui River Fuxing Canal 
revetment breached

Qingshui River Guava Dam 
embankment breached

Qingshui River Xingzheng
Bridge groundsills damaged
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Major Flood Events Over the Years 6 Typhoon Morakot Disaster in 2009

18

Disaster Prevention 
and Response System
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Flood Forecasting System

Hardware components:
1 hydrological center
10 water level flow stations
49 rain gauge stations
Software components: 
Zhuoshui River Basin flood runoff 
measurement and forecasting 
system model

Rain gauge stations: 
SFTP interface with the Central 
Weather Bureau's PDS nationwide 
rain gauge stations

In May 2002, the "Zhuoshui River 
Basin Direct Runoff Measurement 

and Forecasting System 
Construction Project" was 

completed.

The main purpose of the Zhuoshui River Basin runoff 
measurement and forecasting system is to improve flood warning 
time to facilitate subsequent flood control measures.
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System Iteration

Incorporation of flood-related 
information
Enhancement of flood simulation 
models
Strengthening of capabilities in 
warning, notification, and emergency 
response operations

Hardware

Software

Integration of new hardware 
technologies
Establishment of comprehensive 
backup and contingency mechanisms
Ensuring stability of data 
transmission
Enhancing cybersecurity; centralized 
management of the system
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System Structure
Meteorological Data hydrological data Reservoir information

hydro data analysis 
and forecast system

Hydro data 
visualization

Automatic hourly forecasting
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Flood Forecasting System

QPESUMS
QPESUMS_QPF
QPESUMS_ETQPF
QPESUMS_WRF
mWRA

HEC-RAS

Automatic hourly forecasting

Decision 
support

Radar rainfall data

I: Real-time/forecasted 
rainfall data

Rainfall prediction 
model

River water
level model 
calculation

Downstream boundary 
conditions

I: Flow rates and 
boundary conditions of 
each sub-watershed

storm surge 
model

rainfall-runoff 
calculation model

O: forecast rainfall

O: each subbasin flow

O: forecast water level

Rainfall station

water level station
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Warning Issuance System

SMS
FAX

Real-time monitoring and SMS alert for 
warning information

Real-time monitoring of current 
disaster situation

SMS alerts for 
flooding FAX alerts for flood 

warnings

SMS alerts for heavy 
rainfall warning

Early warning issuance process

water level alert

flood alert

Rainfall river warning
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Hydro data visualization and Flood Control Assistance 1
Zhuoshui River Basin hydro data visualization Center platform

Integrated Smart Management System for the Zhuoshui River 
Basin

External information disclosure service

Internal use, river management and flood 
control operations

Automated and Process-oriented Disaster 
Prevention Operation Integration Platform

functions including readiness, monitoring, 
warning, notification, response, and decision-

making.
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CCTV

( )

25

Hydro data visualization and Flood Control Assistance 2

ineeringg ConsultantsC ,

Real-time monitoring

rainfall

Typhoon path

hydrological frequency

Reservoir sluice

meteorological

Mobile pumps,disaster
prevention resources

(((( )warnings (water levels, 
rainfall and flooding)

CTVCCWater level and CCTV

Forecast rainfall 
distribution

Watergate opening / 
closing

watergate operation

Inundation sensor
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Hydro data visualization and Flood Control Assistance 3

SINO CHTECHHH iEE iiE CCC ltl tCC tLLL ddtdtd 26

Decision support

Emergency Repair Assistance 
Provide assistance in setting and selecting repair 
methods based on the scale of the disaster, and 
conduct relevant decision-making support analysis.

Pump Scheduling Assistance
Integrate real-time : information from mobile 
pumps and flood sensors, automatically analyze 
and propose allocation recommendations.
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Hydro data visualization and Flood Control Assistance 4

( )
( )
( )
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Decision support

Hydro Briefing material
Automatically collate latest weather information, 
forecast data, and preparedness information to 
generate the required briefing materials.

Typhoon Analysis
Conduct searches and information queries on 
historical typhoon events similar to the current 
typhoon's path.
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Hydro data visualization and Flood Control Assistance 5

Disaster response 
operations

Disaster Response Assistance
Guide step-by-step completion of forms through flowcharts, manual or online approval, confirmation of 
approval, system registration for response, notification (dispatch) of flood response personnel, and 
checklist for required tasks.

Implementation of 18 standardized disaster response procedures 
to prevent operational oversights.
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Hydro data visualization and Flood Control Assistance 6
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SMS Alert Distribution
Coordinate with the automated response sub-
system to automate the distribution of SMS alerts 
for each response operation.

Fax Notification
Coordinate with the automated response sub-
system to automate the distribution of fax 
notifications for each response operation.

Disaster response 
operations

30

Flood warning 
operations
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Flood warning operations
The 4th River Management Branch,WRA disaster 
response personnel are on duty 24 hours a day.

Sinotech assists in monitoring real-time hydro
data and facilitating the dissemination of 
forecasting information.

1st Level Prevent 
and Rescue Open

2nd Level Prevent 
and Rescue Open

3rd Level Prevent 
and Rescue Open

Heavy Rain 
Issuance

Marine/ land typhoon 
warning issueance
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Area Risk Assessment

4
4

7

1.
2.

Before the flood season:

Outer Water
Conduct on-site investigations to 
analyze changes in waterways, 
identify high-risk embankment 
sections, and propose 
preparedness recommendations.

Inner Water 
Review the progress of 
improvement projects in flood-
prone areas and confirm 
response procedures.

During typhoon and flood 
events:

Analysis of typhoons with 
similar paths.
Interpretation of high-risk 
areas.
Recommendations for open 
contracts and preparedness.

Touyekeng creek junctionZhuoshui low-water revetment
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Typhoon confirmed to invade Taiwan Land typhoon warning issued

( )

Automatic 
analysis of 

typhoons with 
similar paths

Review and 
improve key 

areas

Preventive 
rescue 

decision-
making 

assistance

Total rainfall forecast

Similar path analysis

Flood peak flow forecast

( ETQPF
QPF)

Zhuoshui
Rivet Runoff 
Forecasting 

System

Open contract 
entry advice
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Prediction and Forecast Announce

During typhoon 
and flood events:

Analysis of 
typhoons with 
similar paths.
Interpretation of 
high-risk areas.
Recommendation
s for open 
contracts and 
preparedness.
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Real-time Monitoring and Ongoing Analysis 1

Model: Zhusui River Flow 
Forecasting System.

Professional expertise and 
experience dissemination.

Model Prediction (Quantitative) Meteorological and Hydrological 
Information Analysis (Qualitative)
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Aikuo Bridge 
Monitoring Station

35

Real-time Monitoring and Ongoing Analysis 2g y

SINOTECHH EnginE

Longshen Bridge 
Monitoring Station

1st warning water level (DANGER)

1st warning water level (ALERT)

3rd warning water level (AWARE)

36

Case Study of 
Emergency Response
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2017/06/01 Torrential Rain at Longhua Bridge Disaster 1
Pre-disaster

(Aerial view in 2011)
Post-disaster

(Aerial view on 2017/06/05)

• Longhua Bridge- insufficient flood passage capacity pending bridge reconstruction.
• During heavy rainfall, a torrent of debris flow surged directly into left bank approach of Longhua

Bridge.
• The approach of Longhua Bridge collapsed (approximately 100 meters), and Longhua's revetment 

was damaged and washed away (approximately 200 meters), resulting in the loss of six residential 
homes.
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2017/06/01 Torrential Rain at Longhua Bridge Disaster 2

6/1 2 7/103 4 5 6/8

19 19

(56)

(4)

0733AM
Revetment of Jiulin

Village in Tongfu
was damaged.

18 7

5

19

14PM CWA issued 
heavy rain warning

15:39PM
Left bank of 

Longhua Bridge
was damaged.

21PM CWA lifted 
heavy rain warning

WRA

SINOTECH
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Disaster 
information 
integration

Automatic 
alert 

transmission

Open 
contract 

deployment

Real-time 
monitoring of 

disaster 
situations

Emergency 
response 
resource 
planning

Prere-eeeeeee------announcement nt Immediate notification Preeeeeeee------ nnouncemenaa nt mmeImeeee aa
Emergency response 

mme
e e

ediate notificationeediae
No casualties

39

2017/06/01 Torrential Rain at Longhua Bridge Disaster 3

(( ))

During the disaster response 
process for the Longhua Bridge in 
the heavy rain on June 1, 2017, 
real-time hydrological and 
forecast data were analyzed to 
anticipate potential flooding in the 
jurisdiction. Sinotech promptly 
advised WRA to prepare for open 
contract deployment, and disaster 
alerts were immediately issued 
through the disaster prevention 
system.

Longhua Bridge
Broken Bridge

( )Longhua revetment (left 
bank) washed away

Stones left at the site of 
Longhua Bridge
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2023 Typhoon Kanu in Lushan overflow disaster 1

Before flooding

SINOTECHH E i iE C ltC

10 18

After flooding

1. Collapse area of upstream Taroko 
River watershed (MOA data):

• Before typhoon: 117.4ha
• After typhoon, increase in Mahai 

Puxi River: 1.5ha
2.Submerged area: 4.36ha
3.Sediment deposition : 600,000 cubic 

meters

Flooding situation (from suspension 
bridge to downstream hot spring area):

Rainfall exceeding 200-year return 
period in Ren'ai (885mm/24hr)



1. Basin Overview 2.Disaster Prevention and 
Response System 3.Flood warning operations 4.Contingency case study on

Disaster Prevention 5. Future vision

SINOTECHH Engineeringg Consultants,, Ltdtd.SINOTECHH EngineeringE g ConsultantsC 41

2023 Typhoon Khanun in Lushan overflow disaster 2

SINOTECH

Lushan 
rainfall station 

heavy rain level
360mm/24hr

Marine 
typhoon 
warning 
issued

17:36PM
Flood

Overflow

Land 
typhoon 
warning 
issued

WRA
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Pre-disaster preparedness Disaster response Post-disaster recovery

42

2023 Typhoon Kanu in Lushan overflow disaster 3

8/7~now8/2         ~        8/3
• Assisted in confirming disaster 

preparedness tasks.
• Provided professional assessments and 

forecasted open contract preparations in 
advance.

8/4       ~      8/5          ~        8/6

Prepared and verified

During Typhoon Kano 2023, through professional assessment, real-time analysis recommendations, and 
technical support, assistance was provided for flood disaster response.

• Assisted in hydro monitoring and disaster control.
• Provide professional response advices.
• Disaster response procedures.

Analysis of disaster causes.
Follow-up measures (response and recovery).

8/4/4 07:20

and recov

8/4
ecov

/
ery).veecov

4 05:41

• Assisted in post-disaster 
explanations and on-site inspections.

• Developed automatic warning 
modules to meet emergency response 
needs.

Prepareopen contract 

Disaster response

Disaster analysis

Disaster monitoring
10-minute rainfall in Lushan area 
near Renai rainfall station >5mm
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Even when flooding lasts for less than an hour,
Sinotech could provide advices and respond quickly

43

Flooding in recent years

Onsite
sensor

Disaster 
analysis 
module

Disaster
info

5/27(0527 heavy rainfall)

SINOTECHH
7/18(Typhoon Danas)

iineerneeringinggg ConsConsultaultantsntsCC , LtLtLLtdtd. 43434343434EngE
s)

Integrate high-resolution radar rainfall data for short-latency heavy rainfall warning, and use it with  
flood sensor device and monitoring systems to proactively grasp the flooding situation in Changhua area, 
and assist in reporting emergency response and flood investigation operations to relevant units.

Early
warning Monitoring Notification 6/11(0610 heavy rainfall)

44

Improvement and 
Development
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Key Issues

2017 Xiluo Dust

2018 Yuankee flood

• Through meteorological warnings and forecasts combined with the establishment of dust 
monitoring stations, we grasped dust conditions and deployed water spraying equipment and 
water trucks to spray water and implemented ground coverings for bare land, effectively 
suppressing dust generation.

• In recent years, the number of days with large-scale dust events on both sides of the Dajia
River estuary has decreased from nearly 100 days to single digits.

Fugitive Dust meteorological Dust 
measuring station Water suppression

Flood Rainfall Flood sensor Pump allocation in 
high-risk areas

River 
defense Hydrology embankment 

observation station Rescue

Illegal Automatic image 
interpretation of hot spots Monitoring station Onsite law 

Enforcement

Sediment Rainfall CCTV Image 
Interpretation 

Landslide dam 
response

Issue Forecast data monitoring Response

2017 illegal dumping

2012 Heshe landslide 
dam
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Introduction of AI Artificial Intelligence
• Integrate real-time monitoring and forecasting data to automatically warn and monitor related 

disaster prevention and management events
• Provide the best response operation process

• Gradually introduce AI modules to achieve the goal of intelligent automatic system operation.

Short-term    : Data collection and assistance system 
establishment

Medium-term: Implementation and learning of AI 
systems

Long-term     : smart automated system operation
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2020: High-Resolution Rainfall Radar Data

1 2 3 4 5 6 7 8 9 10
_ 0 0 3 10 35 69 70 85 22 8
_ 1 1 11 2 63 121 82 137 29 0

0% 0% 64% 33% 71% 75% 50% 61% 61% 50%
0% 0% 64% 50% 78% 78% 35% 61% 55%

67% 30% 60% 71% 67% 62% 68% 50%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

0

50

100

150

200

250
_

_

455 - 302 - 757 -
8 - 0 - 8 -

447 - 302 - 749 -
30 209 47% 125 41% 334 45%
30~60 49 11% 42 14% 91 12%

60
21 5% 27 9% 48 6%

168 38% 108 36% 276 37%

Interpretation of heavy 
rainfall signals:
• Changhua districts
• Zhuoshui River basin

SMS recipients:
• Changhua flood alert groups
• Zhuoshui rainfall alert groups

• Data spatial resolution: 
250m grid

• Temporal resolution: 
Updated approx. 2 minutes

Through real-time system analysis of high-resolution
radar rainfall grid data within the corresponding area,
signs of heavy rainfall occurrence can be detected, and
automatic SMS alerts and monitoring can be initiated.

Heavy rainfall signal warning notice Overall alert success rate is 63% (average)
Over a 45% chance of heavy rainfall occurring WI 
30 min
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2021 : Smart Pump Allocation Module in High-Risk (Urban) Areas

• Integrate real-time information (mobile 
pumps and flood sensors)

• Automatically analyze and propose 
allocation suggestions (units, quantities 
and routes)

Data collection
and inventory

Simulation of 
flood-prone spots

Assessment of 
pump layout points

Module 
development

Finish
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2023: CCTV Image Intepretation Technology for landslide dam  Monitoring
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• Image interpretation technology is introduced with the 
characteristics of landslide dam 
(Judged by area changes - the upstream water storage area increases; 
the downstream river water area decreases)

• Automatically monitor risk information to improve disaster 
prevention and response effectiveness

Dam body 
• accumulation of 

sediment
• division of water 

areas

Downstream 
water level 
• water level 

dropped sharply
• water area 

decreased

Upstream forms a 
lake
• water level rises
• water area increases

Thank You
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Outline



• Cellular Automata framework sees the study domain as a
set of equal-sized discretized cells and explicitly evolves the
state of each cell by the generic transition rule.

• Characteristic: explicit, local, generic
3

Introduction

A 2D study domain Square cell

Cell state
S: Live as 1, Dead as 0

S16 S17 S18

S24S23S22S21

S15S14S13

S7

S1 S2

S8

S19 S20

S26 S27 S28 S29 S30 S31 S32

S25

S12

S6S5S4S3

S9 S10 S11

State evolution
S17

t+dt=F(S17,
S10,S11,S12,
S16, S18,
S22,S23,S24)

Transition rule
Neighbor cells

Example: Game of life

High performance
computing!
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• Chang et al. (2021) Overland-gully-sewer (2D-1D-1D)
urban inundation modeling based on cellular automata
framework (Journal of Hydrology) for urban inundation
modeling.

• Used in real-time flood inundation forecasting in Taipei 
city (completing a 2-hour ahead simulation in 10 minutes).

Previously CA studies of our team

CA-based overland flow model (2D-OFM-CA)

1 2 3 40

Δh3Δh2Δh1

SWMM 5.1 for gully and sewer flows
Use water levels to delineate water movement
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• Yu and Chang (2022) Modeling particulate matter
concentration in indoor environment with cellular automata
framework (Building and Environment) for 3D indoor air
quality modeling.

a. It simulates four PM transport mechanisms in drift-flux form:

b. It is faster than the FV model by 4.83-5.65 times.
• Yu and Chang (2023) GPU parallelization of particulate
matter concentration modeling in indoor environment with
cellular automata framework (Building and Environment)
later parallelizes it on GPU such that it can accelerate up to
24.27-76.95 times.

Previously CA studies of our team (Cont.)

6

• Chang et al. (2022) Dynamic-wave cellular automata
framework for shallow water flow modeling (Journal of
Hydrology) for dynamic-wave overland and river flow
modeling (The present study).

• Wang et al. (2024) A novel cellular automata framework for
modeling depth-averaged solute transport during pluvial and
fluvial floods (Water) for 2D solute transport modeling.

a. The proposed CA solver is as accurate as a finite volume model
with the TVD scheme (FV-TVD) but faster by 2.90-3.29 times.

• Yu and Chang (2024) Coupled GPU-based modeling of
dynamic-wave flow and solute transport in floods with
cellular automata framework (Journal of Hydrology, under
review) for 2D dynamic-wave flow and solute transport
modeling.

a. The novel solute transport solver has higher accuracy than the
FV-TVD model but faster by 2.90-3.33 times.

b. After GPU parallelization, the coupled approach reach 56.32-
74.15 times acceleration.

Previously CA studies of our team (Cont.)
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• So far, in fields of overland/river flood modeling, CA-based
shallow water flow models (e.g., CA2D, WCA2D, 2D-OFM-
CA, OFS-CA, CA-ffé models) use water levels to delineate
water movement so that they behave like non-inertia
waves.

• They are good for regular flows but incapable of handling
strong discontinuous flows.

Motivation of the present study

Build a new CA-based model behaving like dynamic waves!!

• How to make the CA model behave like the dynamic waves?
a. Consideration of water velocity should be included in

deciding the water movement.
b. Coupled relation between water depth and velocity needs to

be handled.
• What we have done in the CA-based shallow water flow

(SWFCA) solver (Chang et al., 2022; Dynamic-wave
cellular automata framework for shallow water flow
modeling, Journal of Hydrology):

a. Use the Bernoulli hydraulic head to delineate the water
movement to consider water velocity.

8

Methods

z Elevation head

Pressure headd

2 2

2
u v

g
Velocity head

H

Bernoulli hydraulic head (H)

Water level (h)

z Elevation head

Pressure headd

h



b. Establish five sequential steps to determine the transported mass 
and inertia to account for the coupled relation between water depth 
and velocity.

9

Current time

Previous time

*Principle: 
1. From high Bernoulli hydraulic head to low Bernoulli hydraulic head
2. The mass flux of the cell edge is either zero or outward from the central cell.

Determine flow 
direction

Determine 
transported mass

Determine 
transported inertia

Avoid artificial 
oscillations!

5
3

0 0
0, ,

1
2

i i
i Mann

d d H HQ l
n l

Bernoulli hydraulic head

3
2

00, ,
2 2
3i WeirQ l g h

0 0 ih H z max ,0i i ih H z 0max ,i iz z z

Bernoulli hydraulic head

0.3851.5
01 ih h

10

Determine the transported mass!

0 0 0,1 0,2 0,3 0,42
ˆ td d Q Q Q Q

l
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44 33

2 2 222 1 1 0 01
1 1 00,1 0,1 0,1

01

1 ˆˆ ˆ ˆˆ2 2 2 2
n u n uvl lf u u u d z H

g g dd

44 33

2 2 2 22 3 3 3 0 0
3 3 00,3 0,3 0,3

03

1 ˆˆ ˆ ˆˆ2 2 2 2
n u v n ul lf u u u d z H

g g dd

44 33

2 2 222 4 4 0 04
4 4 00,4 0,4 0,4

04

1 ˆˆ ˆ ˆˆ2 2 2 2
n v n uul lf v v v d z H

g g ddPredicted water velocity at
the end of the route

Case study I: Moving shorelines in a 2D frictional parabolic bowl 
(moving wet-dry interfaces)

12

Case Studies
pp

Accuracy verification

•Used by Sampson et al., (2006), Hou et al. (2013), and Zhao and Liang (2022) for 
verifying the accuracy of their shallow water flow models on wet-dry interfaces.
•Square computational domain with a size of 8000 m x 8000 m. Initially, inclined the 
water surface with zero water velocity is prescribed to drive the periodic water movement.



•Accuracy comparison at t=1377.68 s is conducted among the proposed SWFCA solver, a 
finite volume model with the HLLC scheme (FV-HLLC model), and the widely-used WCA2D 
model by Guidolin et al. (2016).

a. The WCA2D model predicts a still water surface.
b. The water velocity of the FV-HLLC model increases to a spurious extent because of 

the small water depth.
c. The SWFCA solver predicts satisfactory results.

13

Case study II: Shallow overland flows in a steep V-shape catchment 
(steep shallow flows and channel flows)

e catchment 
) Accuracy verification

•Used by Xia et al . (2017), and Zhao and Liang (2022) for verifying the accuracy of their 
shallow water flow models on shallow flows on very steep plates.
•Uniform rainfall of a constant rainfall intensity of 10.8 mm/hr on the two hillsides for 
1.5 hours.

Channel

Hillside

Hillside
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Hillside Channel outlet

Channel outlet

Hillside
• The results of the FV-HLLC model are not satisfying because 

of the incapability to handle the partially wet condition on the 
hillside.  

• The accuracy of the SWFCA solver can be up to a second-
order accuracy finite volume model (PM model).

• The SWFCA solver can simulates channel flows accurately.

16

Case study III: Dam-break flows on channel with a symmetric triangular 
bump and open end (dam-break flows)

gg
Accuracy verification

•From a CADAM test case used to examine the performance of a shallow water flow model
on simulating dam-break flows on idealized terrain.
•Measured water depth hydrographs can be used for verification.
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a. The WCA2D model is inappropriate to simulate dam-break flows.
b. The SWFCA solver predicts almost the same results as the FV-HLLC model.

18

Case study IV: Discharge flows over the Toce floodplain with staggered 
buildings (dam-break flows)

p ggp gg
Accuracy verification

•From a CADAM test case used to examine the performance of a shallow water flow model
on simulating dam-break flows on realistic terrain.
•Three inflow hydrographs are prescribed on the left edge.



Low inflow

Medium inflowHigh inflow
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Case study V: Efficiency assessment based on real-scale Toce
valley dam-break events Efficiency Assessment

•The involved flow condition has an impact on the efficiency of the WCA2D, FV-HLLC 
models, and SWFCA solver.

•Using the original-scale Toce valley as the study terrain.
•The bed slope is decreased by five factors (1,1/2, 1/4 1/8, 1/16), leading to five scenarios 
(100.0%, 50.0%, 25.0%, 12.5%,6.3% bed slopes)  
•A shot-duration heavy rainfall on 21 August 2019 is used as the input rainfall data.

The portion of strong discontinuous flows

Efficiency comparison

Small Large

WCA2D>FV-HLLC 
and SWFCA

WCA2D<FV-HLLC 
and SWFCA



The WCA2D model can be
faster than the SWFCA solver
when the portion of strong
discontinuous flow is small

The efficiency of the SWFCA
solver is higher than the FV-
HLLC model by 121.0%-
128.2%

•The present study proposes a new SWFCA
solver behaving like dynamic waves.

• The SWFCA solver has the same accuracy as
the FV-HLLC model, particularly in simulating
strong discontinuous flows occurred in river and
urban flooding.

•The SWFCA solver can be 121.0%-128.2%
faster than the FV-HLLC model.

22

Conclusion



Thank you for listening!
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• Chang, T. J., Yu, H.L., Wang, C. H. and Chen, A. S., 2021, Overland-
gully-sewer (2D-1D-1D) urban inundation modeling based on cellular 
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Fundamentals of Smoothed Particle Hydrodynamics (SPH)

Lagrangian SPH Shallow Water Models (LSPH-SWM)

Eulerian SPH Shallow Water Models (ESPH-SWM)

Summary
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Fundamentals of Smoothed Particle 
Hydrodynamics (SPH)
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Lagrangian SPH Shallow Water 
Models (LSPH-SWM)
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Eulerian SPH Shallow Water Models 
(ESPH-SWM)
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ESPH LSPH
Required CPU 

time (sec) 10.3 420.3

depth

u velocity

v velocity

-56.19 10 -41.57 10
-52.72 10 -41.26 10

-91.47 10 -41.91 10

0.0308 and
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Summary
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Thanks for Listening  
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26 bridges collapsed, Chi-Chi 
Earthquake, 09, 1999 
More than 150 bridges collapsed, 
Morakot Typhoon, 09, 2009
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2009 2012 Amendment NO.1 
2013 2017 Amendment NO.2 
2018 2023 Amendment NO.3
2024~continue….

SRH-2D, Sedimentation and River Hydraulics – Two-Dimension



SRH-2D Description
SRH-2D is a hydraulic model developed by the U.S. Bureau of Reclamation that incorporates very robust and
stable numerical schemes with a seamless wetting-drying algorithm. The model uses a flexible mesh that may
contain arbitrarily shaped cells, both quadrilateral and triangular elements, which promotes solution accuracy
while minimizing computing demand. SRH-2D modeling applications include flows with in-stream structures,
through bends, with perched rivers, with side channel and agricultural returns, and with braided channel systems.
SRH-2D is well suited for modeling local flow velocities, eddy patterns, flow recirculation, lateral velocity variation,
and flow over banks and levees.

Features and capabilities of SRH-2D include:
2D depth-averaged dynamic wave equations (the standard St. Venant equations) are solved with the finite-
volume numerical method.
Steady state and unsteady flows may be simulated.
An implicit scheme used for time integration to achieve solution robustness and efficiency
An unstructured arbitrarily-shaped mesh is used which includes the structured quadrilateral mesh, the 
purely triangular mesh, or a combination of the two.
All flow regimes, i.e., subcritical, transcritical, and supercritical flows, may be simulated simultaneously 
without the need for special treatments.
Model incorporates a robust and seamless wetting-drying algorithm.
Output solutions include water surface elevation, water depth, depth averaged velocity, Froude number, and 
bed shear stress.



Yong G. Lai (2010). Two-Dimensional Depth-Averaged Flow Modeling with an
Unstructured Hybrid Mesh. J. Hydraulic Eng. 2010.136:12-23.
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•



Analysis framework

Analysis framework
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A = cross section area;
Ad = volume of bed sediment per unit length;
Qs = volumetric sediment discharge;
qs = lateral inflow sediment per unit length of channel;
t = time; x = distance along the river.

β = velocity distribution coefficients,
Z = water surface elevation
Sf = energy slope = (Qs|Qs|)/K2;
K = conveyance.
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t = time; x, y = horizontal Cartesian coordinates;
h = water depth; U, V = depth-averaged velocity components in x, y
directions, respectively;
g = gravitational acceleration;
Txx, Txy, Tyy = depth-averaged turbulent stresses;
Dxx, Dxy, Dyx, Dyy = dispersion terms due to depth averaging;
z = zb + h = water surface elevation (zb = bed elevation);
ρ = water density;
τbx, τby = bed shear stresses.
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υ = kinematic viscosity of water; 
υt = turbulent eddy viscosity; 
k = turbulent kinetic energy.
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υt = turbulent eddy viscosity;
Ct = ranges from 0.3 to 1.0 (default value=0.7);
U* = bed frictional velocity; h = water depth.
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•

k = turbulent kinetic energy;
υt = Cμk2/ε = turbulent eddy viscosity.
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Pkb, Pεb = added to account for the generation
of turbulent energy and dissipation due to bed
friction for the case of uniform flows.
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Q1 = incoming flow; Q2 = flow through the piers;
B1 = width of incoming water; B2 = width of water between piers;
n1 = Manning roughness value of the flowing channel;
n2 = Manning roughness value between bridge piers;
k1, k2 = ratio of shear velocity to particle settlement velocity

D = diameter of pier; Y1 = incoming water depth; φ = 1.3 (rectangular nose
point); φ = 1.0 (circular nose point); φ = 0.7 (triangular nose point); point); b
= bridge slope; Fr = Froude number; Frc = critical Froude number
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Boundary conditions

The adapted rainfall data in the watershed is provided by the Central Weather Bureau and upstream
hydrological conditions are provided by Water Resources Agency. The downstream boundary condition of
water level is set at Tai No.61 Western Coast Expressway. We also applied the rainfall runoff model (Hsieh,
1999) for the upstream boundary condition combining with downstream tidal prediction for bridge pier
scour depth forecasting.

Zhuo-shui River basin



slide 29

2018 Typhoon Sinlaku at Chi-Chi weircalibration verification

Models flood discharge forecasting 

Flood Early Warning System (FEWS) is currently be used during flood duration by Water
Resources Agency. The function of FEWS provides real time hydrological information
and platform for hydrological information prediction [Taiwan Freeway Bureau, 2012].
FEWS is developed by Jave language and its operation interaction could be set up by
XML internet language. This system provides more friendly and feasibility to integrate
different hydraulic modes. The integrated problem between different models during model
establishment, investigation and data exchange are not needed to worry about.

Now SRH-W is developed



Monitoring systemThe monitoring sensor of bridge pier scour and numerical model are
implemented to study the prediction of bridge pier scour depth. As a
result, in this study, the development principle is that a Micro-Electro-
Mechanical System (MEMS)-based vibration sensor by the turbulent
flow vibrates at significantly higher amplitudes surrounded by bridge
piers up and down the river bed (Lee et al., 2014, 2017). The sensor
setup located at the P4 bridge pier of Mingchu Bridge and setup depth
ranged from river bed to the elevation level (EL.) 143m, the deepest
monitoring depth is constrained at EL. 143m.

deepest



It seems that the depth of bridge
pier scour is accompanied with
hydrological patterns. It presents
the hydrograph of field scour depth
monitoring data and consists of the
scour and deposition process during
typhoon events.
Based on the simulation results,
Shen et al. (1966) is over estimated
on the bridge pier scour depth and
Forehlich (1991) is lower estimated
on the bridge pier scour depth.
Inglis(1949) and Jain and
Fisher(1980) are relatively agree
with the maximum scour depth
estimation. However, the
mechanism of deposition process
cannot be simulated well by all
equations.



Model Capability Numerical ModelII

Adopted Numerical Model 
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Modeling of soft bedrock channel evolution with a coupled modified bank stability and toe erosion model



Bank Erosion Model 

(Johnston, 1993)

0.5-25 Mpa

Bank Stability and Toe Erosion Model
Modified 
Bank Stability and Toe Erosion Model

Bank Erosion Model 



Bank Erosion Model 
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Model Setup Model ApplicationIII

42

Bank Representation 

Model Validation

Model ApplicationIII



Model  Parameters

(*1)

(*2)

Effective 
Cohesive (Pa)

450

(*1) 7100.5hk 200cr
4100.5Y 0.26t

Model ApplicationIII
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1. Erosion Depth in 2013 Model ApplicationIII
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2. Alluvial Bank Erosion Model ApplicationIII

Simulated Banktop in Dec., 2012

Measured Banktop after 0610 in 2012
Measured Banktop in 2010

Measured Banktop in Dec., 2012
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2. Alluvial Bank Erosion

Initial in 2010 NOV. 

Simulated in 2012 NOV. 
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2. Alluvial Bank Erosion

XS105

XS105B
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3. Soft Bedrock  Lateral Erosion
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3. Soft Bedrock  Lateral Erosion

Simulated in 2013 NOV. 

Initial in 2010 NOV. 
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3. Soft Bedrock  Lateral Erosion

XS113

XS114
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3. Soft Bedrock  Lateral Erosion

XS114

XS113

• The lateral erosion rate of soft bedrock is 
relative smaller than alluvial one, which 
imply the channel widening of soft 
bedrock takes longer time scale. 

• The proposed model could capture the 
bank retreat timing and distance well in 
both alluvial and bedrock channel.

The under prediction of bank erosion in the 
lower part of soft bedrock bank profile 
points to the need for further refinement




