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Introduction 
– Sediment Disaster in Taiwan
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Historical Earthquakes around Taiwan

Source: USGS

Source: CNA
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Historical Typhoon Tracks (1970-2010)

[source: Chen, Y-F., Knight, C., & Burgin, G. (2013). 
Living with typhoons: Disaster management in rural 
Taiwan. Royal Geographical Society with IBG.]

INTRODUCTION

5



Landslide Rock fall

Debris flowLandslide 
Lake
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Weather Forecast

Sea warning

Forecast＞Threshold Actual＞Threshold

Typhon make landfall
-30hr -18hr -12hr

Local government should 
issue mandatory evacuation

Local government should 
issue evacuation advice

Forecast＞Threshold Actual＞Threshold

300～650mm

Red Alert
Sea and land typhoon warning

Yellow Alert

Debris flow alert 
threshold

1,732 debris flow 
torrents (2024)

Disaster Response



0403 Earthquake and it’s 
Impact
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0403 Earthquake (07:58 AM, Apr.3, 2024, ML=7.2)

Apr.3, 2024 ML=7.2
04/03_07:58
M 7.2, 15.5km

04/03_08:11
M 6.5, 5.5km

Source: NCDR

Source: USGS
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Source: UDN.com
Source: Formosa TV 

0403 Earthquake (Apr.3, 2024, ML=7.2)
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Earthquake Triggered Landslides and 
Aftermath

(Source: Tanyas et al. (2021), 
Geomorphology 391 107912)
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(Source: Chi Po-lin Foundation)

(Source: ARDSWC)

Earthquake Triggered Landslides and 
Aftermath



Risk Governance and 
Disaster Prevention with 

Transdisciplinary Approach
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54°

H=515m

L=370m

N

Train 
Station

Challenges – new disaster type
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Challenges – new disaster type
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

0403 Earthquake

Challenges – time is limited
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Transdisciplinary Approach

(Source: Matsuura and Razak (2019), Disaster 
Prevention and Management 28 (6): 817-830)
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Reduce Rainfall 
Warning Threshold Phase I

Phase III

Landslide Inventory 
with Satellite

Visit Local 
Government

Establish Evacuee List

Field Investigation to 
determine hazard type 

(Type A、B、C)

UAV photography of 
Newly Triggered 

Landslides

Local Information 
Meeting

Explain disaster risk to 
residents and local govt

Expert Meeting for 
Engineering Methods

Debris flow torrent 
and landslide area 

mapping 
(R10 and Cell Broadcast)

Evacuation during 
Typhoon and Heavy 

Rainfall Event

CCD Monitoring 
of Disaster Hot 

Spots

Hualien LINE Disaster Prev. Group 
Communicate, Command & Response

Local Govt & Central Govt Local 
Branch Governance Platform monthly

With railway, road admin. & local 
govt Regional Joint Inspection

Emergency Engineering Treatment
(temperature dredging, 

diversion, sandbag)

ARDSWC, Highway Bu.., Local Govt, 
Railway Co. repair according to 

governance

ARDSWC, Highway Bu., Local Govt, Railway 
Co. rebuild according to governance

Subsidize Local Govt for Dredging Works
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0403 E.Q. and Rainfall Event 
Treatment Procedure 

Broadcast through 
Media

Regional Joint DefenseDisaster Response

Phase II
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Landslide Inventory with Satellite
1,942 new landslides (1,521 Ha) identified with satellite image up to May 31.
Updated regularly and FREE Download on web.
Notify Railway Co., Highway Bu., Forest Bu. and other agencies since Apr.

19
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Field Investigation to Determine Hazard Type 

Type A

Type A

Type B

Type C

 Type A: Landslide falls within current DF; update risk level, reduce alert threshold.
 Type B: Landslide falls within torrent catchment; add as new DF.
 Type C: Landslide falls on slope; add as Sediment Sensitive Area.

Hualien SL0014

Hualien SL0001
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Post Event Field Investigation

54°100m

H=515m

L=370mN

Train 
Station

No. 63, 65, 
67, 69, 71
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2△H or 
Max. 50m

Affected 
Area

Landslide
Slope

30°



Chongde Vil., Hualien County
Houses: 5
LS Area: 7.43 Ha
LS Slope: 45~60 degrees
LS History: 0403 EQ, 2024
Image Date: Apr. 2024

Hualien SL0002 Landslide Hazard Map

Landslide Affected Area
0403 Landslide

N Train 
StationNo. 63, 65, 

67, 69, 71
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 Debris Flow Information Update
1,732 + 4 Debris flow torrents
4 newly added in EQ area in June
Adjust rainfall threshold
 Publicity
Public on line

(https://246.ardswc.gov.tw/)
BigGIS(https://gis.ardswc.gov.tw)
TGOS (https://www.tgos.tw)
Open Data (https://data.gov.tw)

Debris Flow Torrent Hazard Mapping 3
Risk 

Analysis

https://246.ardswc.gov.tw/
https://gis.ardswc.gov.tw/
https://www.tgos.tw/
https://data.gov.tw/
https://data.gov.tw/
https://data.gov.tw/
https://data.gov.tw/
https://data.gov.tw/
https://data.gov.tw/
https://data.gov.tw/
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Broadcast through Media4
Risk 

Communication
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Visit Local Government

1 2 3 4 5 6 7 8 9 10 11 12

Visit
4/22 4/22 4/23 4/26 4/23 4/29 4/29 5/7 5/27 5/28 6/6 6/6Date

Hualien 
Township

Agr. Dept, 
Hualien 
County

Xiulin
Twp. Jian Twp. Yuli Twp. Shoufeng

Twp. Fuli Twp.
Hualien 
County 
Magistrate

Chongde
Vil. Head

Jingmei
Vil. Head

Yuemei
Vil. Head

Fengxin,
Nanping
Vil. Head

Office
Visited

 Ask the chief to update the evacuation
plan.

 Remind the chief to enhance disaster 
mitigation and propaganda after the quake.

 Explains to the residents about the 
sediment sensitive area risks after the 
quake and to cooperate when evacuate.

5
Risk 

Communication
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Governance Platform Monthly
Member

Hualien 
Branch, 
ARDSWC

Hualien Branch, 
Forestry Agency

Hualien 
County Gov.

Taiwan 
Water Co.

9th River Man. 
Branch

Hualien Irrigation 
Agency

 Hold monthly meeting to enhance 
cross agency mitigation.

 Information exchange, resource 
sharing in Hualien region.

Purpose

Goal

6
Risk 

Communication
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Regional Joint Inspection

 6/24, 6/27, 7/8, 8/9, 8/29 held joint inspections with 
Railway Co.

 5/3, 8/2, 8/12 held joint inspections with Highway Bureau
along Route 9.

 7/1, 7/31 held joint inspections with local Township Gov.
 8/12 Ministry of Transportation held discussion meeting 

regarding the long term mitigation alone the heavily stricken 
corridor.

7
Risk 

Communication
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Emergency Engineering Treatment (Hualien DF174)

41

Dredging

 New landslides in torrent catchment.
 Pre-event dredging in bottleneck 

sector.
 Temporary sediment trapping device 

installed in late May. 
 Community table top exercise, CCTV 

installation.
 Heavy machinery stand by during 

typhoon event.

CCTV Monitoring

Community Exercise

Joint Inspection

Soldier Beams Trapping Sediment (May)

8 Risk 
Treatment



2024 Typhoon Events
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Typhoon Gaemi

Corridor

Route 9 Buried by DF
CCTV Recorded DF Event

7/24 17:00 

Accu. 307.5 mm

Max. 86.5 mm/hr
Hualien DF174
Debris flow Event
1st: 16:58
2nd: 17:03
3rd: 17:13
4th: 17:29

Rainfall 7/24~7/26

Accu. 550 mm

Max. 87 mm/hr
161K Route 9 DF Railway Bridge Destroyed

Rail Track Buried by DF
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Typhoon Gaemi
Source: EBC News

Highway 
Tunnel

Railway Bridge

Source: EBC News

Source: Highway Bureau

Railway
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Typhoon Gaemi

Heavy Machinery

Pre-Evacuation 

31

7/24 Evacuated 7/25 DF

7/24 17:00
Hourly 80 mm/hr
Accu. 250 mm

Village Head Report

 7/23 Typhoon Warning, 
7/23 18:30 Yellow Alert, 
7/24 18:30 Red Alert.

 7/24 15:00 residents 
evacuated.

 Heavy machinery stand 
by and cleaned after DF 
event.

Residents

Cleaning after the Event
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Typhoon Gaemi

(Source: ARDSWC)



Typhoon Gaemi

Heavy Rainfall Warning

Township Debris 
Flow

Large 
Scale 

Landslide
People 

Evacuated

1 Xiulin 19 - 916

2 Shoufeng 9 - 25

Red Alert 28 0

3 Xiulin 13 - 187

4 Shoufeng 11 1 79

5 Jian 7 - 258

6 Hualien City 3 - 20

7 Fenglin 9 - 83

8 Guangfu 18 1 166

9 Fonggbin 16 - 49

Yellow Alert 77 2
Up to 20:00 Jul. 25

28 Debris Flow Red Alert

77 Debris Flow Yellow 
Alert

2 Large Scale Landslide 
Yellow Alert

54 Cell Broadcasting

3,296 evacuated

Debris Flow Warning



Conclusions & 
Ongoing Challenges
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After mega earthquake new types and larger scale of 
sediment disaster became new challenges in eastern 
Taiwan.

An example of risk governance and management of 
sediment disaster in eastern Taiwan during 2024 typhoon 
season was given. 

Applying transdisciplinary approach to tackle complex 
disaster type in future extreme climate scenario is 
necessary.

CONCLUSIONS
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ONGOING CHALLENGES
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(Source: CSRSR, NCU)(Source: CSRSR, NCU)

(Source: Forest Agency)

(Source: National Fire Agency)

(Source: NDHU)

(Source: FB)

Lake

Town
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ONGOING CHALLENGES



Ting-Chi TSAO 曹鼎志
Disaster Prevention Technology Research Center
Sinotech Engineering Consultants, INC., Taiwan
tctsao@sinotech.org.tw
https://dptrc.sinotech.org.tw 39


	Transdisciplinary Approach of Risk Governance and the Prevention of Sediment Disasters after a Mega Earthquake – an Example of the 0403 Earthquake and the aftermath Typhoon Events in 2024, eastern Taiwan
	OUTLINE
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37
	スライド番号 38
	スライド番号 39

