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K o re a  Introduction

C

Taiwan is located at the convergent boundary 
of the Eurasian Plate and the Philippine Sea C h in a  

Ta iw a n  

of the Eurasian Plate and the Philippine Sea 
Plate. E 121E 121ooE 121E 121oo
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PlainsPlainsPlainsPlainsMountainMountain
forest landsforest lands
MountainMountain

forest landsforest lands
26.70%26.70%46.99%46.99%

HillslopesHillslopesHillslopesHillslopes
forest landsforest landsforest landsforest lands

27.31%27.31%27.31%27.31%
N 23N 23oo30’30’N 23N 23oo30’30’

Slopelands Slopelands 73.30%73.30%Slopelands Slopelands 73.30%73.30%
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Taiwan is subject to tropical cyclone (typhoon)

全球熱帶氣旋發生頻率圖

j y ( y )

全球熱帶氣旋發生頻率圖

66
The most frequent region of typhoons.
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Increasing TrendIncreasing Trend of Typhoon Events (1897~2006)of Typhoon Events (1897~2006)Increasing TrendIncreasing Trend of Typhoon Events (1897~2006)of Typhoon Events (1897~2006)TyphoonTyphoonTyphoonTyphoon

1616161616161616 There are There are 4 typhoon 4 typhoon eventsevents
averagely withinaveragely within 100 years100 years
There are There are 4 typhoon 4 typhoon eventsevents
averagely withinaveragely within 100 years100 years

Increasing TrendIncreasing Trend of Typhoon Events (1897 2006)of Typhoon Events (1897 2006)Increasing TrendIncreasing Trend of Typhoon Events (1897 2006)of Typhoon Events (1897 2006)ypyp
EventsEvents
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14141414 averagely withinaveragely within 100 years100 years
(1900~1999). The highest is 8 (1900~1999). The highest is 8 
events and only 2 years occurred.events and only 2 years occurred.

averagely withinaveragely within 100 years100 years
(1900~1999). The highest is 8 (1900~1999). The highest is 8 
events and only 2 years occurred.events and only 2 years occurred.12121212
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However, there are 7.3 events However, there are 7.3 events 
averagely since 2000~2006. And averagely since 2000~2006. And 
over over 8 events8 events got 3 years.got 3 years.

However, there are 7.3 events However, there are 7.3 events 
averagely since 2000~2006. And averagely since 2000~2006. And 
over over 8 events8 events got 3 years.got 3 years.
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Typhoon routes of 1980~2006Typhoon routes of 1980~2006Typhoon routes of 1980~2006Typhoon routes of 1980~2006
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Historic Typhoon Disasters in TaiwanHistoric Typhoon Disasters in TaiwanHistoric Typhoon Disasters in TaiwanHistoric Typhoon Disasters in Taiwan
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Mainly flooding disastersMainly flooding disasters
Mainly Mainly flood & debris flood & debris 

flows disastersflows disasters after Chiafter Chi--
Chi Earthquake in 1999Chi Earthquake in 1999

Compound Compound 
Hazards Hazards 
in 2009in 2009
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Calamity of Typhoon Morakot 2009Calamity of Typhoon Morakot 2009

Max accumulated rainfall (Aug 6-10 2009): 3059 5mm

Calamity of Typhoon Morakot,2009Calamity of Typhoon Morakot,2009

Max. accumulated rainfall (Aug 6 10, 2009): 3059.5mm.
Coverage area of total rainfall ≧2000mm: 320,000km2. 
Total new landslides: 39,492 ha.
Evacuate and withdraw: 24,950 people.
Casualty and missing: 757 people. 
Total damage: NT$90 45 billion dollarsTotal damage: NT$90.45 billion dollars.

Disasters after Typhoon Disasters after Typhoon 
Morakot, Aug 6Morakot, Aug 6--10, 200910, 2009Morakot, Aug 6Morakot, Aug 6 10, 200910, 2009
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Factors governing slopeland disastersFactors governing slopeland disastersg g pg g p

Global climate changeGlobal climate change
Heavy rainfall with high intensity
Effect of 921 Chi-Chi earthquake
O d l d l l d

Heavy rainfall with high intensity
Effect of 921 Chi-Chi earthquake
O d l d l l dOver-developed slopelands
Landslides and debris flows
Over-developed slopelands
Landslides and debris flows

1010Debris flow disaster in central Taiwan by Mindulle typhoon in 2004 
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20042004
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SoilSoil && Water Conservation BureauWater Conservation BureauSoilSoil && Water Conservation BureauWater Conservation Bureau
Council of AgricultureCouncil of AgricultureCouncil of AgricultureCouncil of Agriculture

Di tDi t G lG l

Soil Soil && Water Conservation BureauWater Conservation BureauSoil Soil && Water Conservation BureauWater Conservation Bureau
Organization ChartOrganization ChartOrganization ChartOrganization Chart Total personnel : 537Total personnel : 537

Annual Budget : 8.6 billion NTDAnnual Budget : 8.6 billion NTD

11stst11stst

TaipeiTaipeiTaipeiTaipei

DirectorDirector--GeneralGeneral
Deputy DirectorDeputy Director--GeneralGeneral

Chi f S tChi f S t

22ndnd22ndnd

66thth66thth
TaichungTaichungTaichungTaichung

Chief SecretaryChief Secretary

3 Sections3 SectionsPlanning DivisionPlanning Division
66thth66thth

33rdrd33rdrd SWCBSWCBSWCBSWCB
NantouNantouNantouNantou

HualianHualianHualianHualian
Watershed Watershed Conservation DivisionConservation Division
Rural Rural ReconstructionReconstruction DivisionDivision

4 Sections4 Sections
4 Sections4 Sections

55thth55thth

44thth44thth

TainanTainanTainanTainan
NewNew

Monitoring & Monitoring & ManagementManagement DivisionDivision

S t i tS t i tS t i tS t i t
Debris Flow Disaster MitigationDebris Flow Disaster Mitigation CenterCenter

4 Sections4 Sections

55thth55thth

TaitongTaitongTaitongTaitong
Secretariat Secretariat Secretariat Secretariat 

PersonnelPersonnel OfficeOfficePersonnelPersonnel OfficeOffice
AccountingAccounting OfficeOfficeAccountingAccounting OfficeOffice

12126 Regional 6 Regional BranchesBranches6 Regional 6 Regional BranchesBranches
Government Ethics Office Government Ethics Office 

4 Sections4 Sections
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Debris Flow Disaster Debris Flow Disaster Debris Flow Disaster Debris Flow Disaster 
Mitigation and ManagementMitigation and ManagementMitigation and ManagementMitigation and Management
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Debris Flow Disaster ManagementDebris Flow Disaster ManagementDebris Flow Disaster ManagementDebris Flow Disaster Management

MitigationMitigation HazardHazardgg
WorkWork PreparednessPreparednessPreparednessPreparedness

Community 
Safety Oriented
Community 
Safety OrientedSafety-Oriented
& Zero Casualty
Safety-Oriented
& Zero Casualty

Disaster Disaster 
RecoveryRecovery

ContingencyContingency
RR

1414

RecoveryRecovery ResponseResponse
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Investigation & Evaluation of
Hazard Preparedness Hazard Preparedness Hazard Preparedness Hazard Preparedness 

Investigation & Evaluation of 
Vulnerability of Potential Debris Flow

Village based InvestigationVillage-based Investigation
Village-based investigation to delimit 
the coverage of all types of hazard. g yp
The hazard of village often take 
place on different topographical 
i t f

T f H d
Vulnerability Factors

interface. 

Valley-wise Slope-wiseTypes of Hazard:
Valley-wise: Debris Flow
Slope wise: Landslide

River TerraceRiver Terrace
Slope-wise: Landslide
River Terrace: Erosion
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Influential Area Estimate
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Debris Flow Torrents & LandslidesDebris Flow Torrents & LandslidesDebris Flow Torrents & LandslidesDebris Flow Torrents & LandslidesDebris Flow Torrents & LandslidesDebris Flow Torrents & LandslidesDebris Flow Torrents & LandslidesDebris Flow Torrents & Landslides

Potential DebrisPotential Debris FlowFlow TorrentsTorrentsPotential DebrisPotential Debris FlowFlow TorrentsTorrents
1,552 Torrents1,552 Torrents
Landslide AreasLandslide Areas
1,552 Torrents1,552 Torrents
Landslide AreasLandslide Areas

PPotential Debris otential Debris 
Flow TorrentsFlow Torrents

PPotential Debris otential Debris 
Flow TorrentsFlow Torrents

Historic Landslides Historic Landslides 
DistributionDistribution

Historic Landslides Historic Landslides 
DistributionDistribution

46,950 ha46,950 ha46,950 ha46,950 ha
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Vulnerability Factor of Debris FlowVulnerability Factor of Debris Flow
To check the coverage of 
deposition of debris flow

Real coverage

To evaluate the coverage of 
debris flowing route

高雄縣高雄縣
茂林鄉茂林鄉高雄縣高雄縣

Real coverage
Post Morakot

茂林鄉茂林鄉
萬山村萬山村那瑪夏鄉那瑪夏鄉

民族村民族村

Potential coverage 
of debris flow 
delimited before 
Morakot

Coverage Area of debris flow Disaster:
• After Typh. Morakot: By satellite image processing, 49 

additional debris flows (44 caused by Typh. Morakot) are 
identified and there will be 1 552 debris flows in total in Taiwan

1717

identified and there will be 1,552 debris flows in total in Taiwan.
Potential hazard area: determined by geology investigation 
and site reconnaissance.
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H dH dHumanHumanInvestigation of DebrisInvestigation of Debris
DisasterDisaster

HazardHazardHuman 
Activities
Human 

ActivitiesInvestigation of Debris Investigation of Debris 
Flow TorrentsFlow Torrents

Risk Degree=Probability X Assured Safety
L Ri k≦40 Mid 40<Ri k<60 Hi h Ri k≧60

Factors of ProbabilityFactors of Probability RiskRisk ProbabilityProbability
Low: Risk≦40, Mid: 40<Risk<60, High: Risk≧60

Valid watershed area：≧3 ha
before 921 before 921 earthquake(1999) adoptedearthquake(1999) adopted 10 ha10 ha

Rock broken extent
L h f f l

RiskRisk LowLow MidMid HighHigh

Assured Assured 
S f tS f t

LowLow LowLow Low Low HighHigh
MidMid LowLow MidMid HighHighLength of fault

Upstream collapse area
Assured Safety

SafetySafety MidMid LowLow MidMid HighHigh
HighHigh MidMid HighHigh HighHigh

Protected Targets: houses, 
school, roads, publics, 
f

Assured Safety

1818

p
farms…..etc.
Including 10o slope deposit range 

FOR IT
W

 O
NLY



Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Risk MappingRisk Mapping
Warning Simulation of Debris Warning Simulation of Debris 

Flow Disaster ConditionFlow Disaster Condition

Risk MappingRisk Mapping

Left bank buildingsLeft bank buildings
l t d i hi h i kl t d i hi h i k

Flow Disaster ConditionFlow Disaster ConditionDebris Flow Risk Mapping

located in high risk zonelocated in high risk zoneHazard Zone Hazard Zone 
DefinitionDefinition

FLO-2D debris flow 
simulation 

return period rainfall 
10,100,200 years 

Hi hHi h hh >2 5m>2 5m

Max DepthMax DepthMax velocity Max velocity 
DistributionDistribution DistributionDistribution

HighHigh hhmaxmax>2.5m>2.5m
(h*v)(h*v)maxmax>2.5m>2.5m22/s/s

MedMed 1m<h1m<hmaxmax<2.5m<2.5m
1m1m22/s<(h*v)/s<(h*v)maxmax<2.5<2.5

hh <1m<1m

FLOFLO--2D Hazard 2D Hazard GISGIS LayersLayers
(A i l h t(A i l h t

(h)(h)(v)(v)LowLow hhmaxmax<1m<1m
(h*v)(h*v)maxmax<2.5m<2.5m22/s/s

Analysis module Analysis module 
(hazard distribution)(hazard distribution)

Risk map of Risk map of 

(Aerial photo, (Aerial photo, 
road, buildings)road, buildings)

1919

Risk map of Risk map of 
Debris FlowDebris Flow
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Google EarthGoogle EarthGoogle EarthGoogle EarthVisualization of DisasterVisualization of DisasterVisualization of DisasterVisualization of Disaster Goog e a tGoog e a tGoog e a tGoog e a tVisualization of Disaster Visualization of Disaster 
Management SystemManagement System

Visualization of Disaster Visualization of Disaster 
Management SystemManagement System

Google EarthGoogle Earth served as the platformserved as the platform
Open map service architectureOpen map service architecture
Google EarthGoogle Earth served as the platformserved as the platform
Open map service architectureOpen map service architectureOpen map service architectureOpen map service architecture
DisasterDisaster--related data integrationrelated data integration
Visualized Display Platform`Visualized Display Platform`

Open map service architectureOpen map service architecture
DisasterDisaster--related data integrationrelated data integration
Visualized Display Platform`Visualized Display Platform`

Debris flow monitoring stationDebris flow monitoring station

p yp yp yp y

Debris flow monitoring stationDebris flow monitoring station

2020
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Contingency ResponseContingency Response
d ing Disaste sd ing Disaste s

Contingency ResponseContingency Response
d ing Disaste sd ing Disaste s Toll freeToll free

08000800--246246--246246
((土石流土石流 土石流土石流))
08000800--246246--246246
((土石流土石流 土石流土石流))

Rainfall monitoring:Rainfall monitoring: Every 10 min.Every 10 min.Rainfall monitoring:Rainfall monitoring: Every 10 min.Every 10 min.

during Disastersduring Disastersduring Disastersduring Disasters Toll freeToll free

((土石流土石流--土石流土石流))((土石流土石流--土石流土石流))
gg yy

TyphoonTyphoon:: CloudCloud satellitesatellite imageimage
AnnounceAnnounce:: DebrisDebris FlowFlow WarningWarning

gg yy
TyphoonTyphoon:: CloudCloud satellitesatellite imageimage
AnnounceAnnounce:: DebrisDebris FlowFlow WarningWarning
InformInform emergencyemergency messengersmessengers
Heavy equipments Heavy equipments standby at standby at 
dangerous areasdangerous areas

InformInform emergencyemergency messengersmessengers
Heavy equipments Heavy equipments standby at standby at 
dangerous areasdangerous areas

Cloud Satellite ImageCloud Satellite Image

dangerous areasdangerous areasdangerous areasdangerous areas

http://246.swcb.gov.tw
Debris flow information websiteDebris flow information website

http://246.swcb.gov.tw

2121Debris Flow  Disaster Response CenterDebris Flow  Disaster Response CenterDebris Flow  Disaster Response CenterDebris Flow  Disaster Response Center
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Localized RainfallLocalized Rainfall--based based 
DebrisDebris--flow Warning Modelflow Warning Model

Rainfall Triggering Index (RTI) 在地化雨量警戒模式在地化雨量警戒模式Rainfall Triggering Index (RTI)
＝Rainfall intensity× Effective accumulated rainfall

在地化雨量警戒模式在地化雨量警戒模式

RTI = I × Rt X ：debris flow do not occurred
O ：debris flow occurred

100000

RRtt：：Effective accumulated rainfallEffective accumulated rainfall
＝＝ Accumulated rainfallAccumulated rainfall

＋＋ Preceding rainfall for 7 days Preceding rainfall for 7 days R
T
I

R
T
I

RTIRTI7070

RTIRTI9090

High potential >90%

1000

10000
RTI=3600RTI=3600
RTI=1895g yg y

II：：Rainfall intensity (mm/hr)Rainfall intensity (mm/hr)
RTIRTI7070：： RTI at 70% of probability RTI at 70% of probability 

that debris flow occurredthat debris flow occurred
RTIRTI1010

RTI=190RTI=190
100

1000 Medium potential 10%~90%

that debris flow occurredthat debris flow occurred

The critical accumulated rainfall 
for evacuation (Rc) is set for 0 10 20 30 40 50 60 70 80 90

RTI=190RTI=190
Low potential <10%Low potential <10%

10

2222

for evacuation (Rc) is set for 
easier public understanding and 
local application

Rainfall Events  NRainfall Events  N

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Al f D b i Fl W iAl f D b i Fl W iAl f D b i Fl W iAl f D b i Fl W iAlarm of Debris Flow WarningAlarm of Debris Flow WarningAlarm of Debris Flow WarningAlarm of Debris Flow Warning

Predict Rainfall Predict Rainfall 
＞＞ThresholdThreshold

Predict Rainfall Predict Rainfall 
＞＞ThresholdThreshold

Real Rainfall Real Rainfall 
＞＞ThresholdThreshold
Real Rainfall Real Rainfall 
＞＞ThresholdThreshold

--30 hr30 hr--30 hr30 hr --18 hr.18 hr.--18 hr.18 hr. --12 hr.12 hr.--12 hr.12 hr.

Sea typhoon Sea typhoon 
alarmalarm

30 hr30 hr30 hr30 hr 18 hr.18 hr.18 hr.18 hr. --12 hr.12 hr.--12 hr.12 hr.

R d lR d l
Sea & land typhoon alarmSea & land typhoon alarmSea & land typhoon alarmSea & land typhoon alarm

Y ll lY ll l
Rainfall Rainfall 
forecastforecast

alarmalarm Red alarmRed alarmYellow alarmYellow alarm

forecastforecast

Rainfall of Debris Flow Rainfall of Debris Flow 
i 200i 200 600600

Rainfall of Debris Flow Rainfall of Debris Flow 
i 200i 200 600600

Predict Rainfall Predict Rainfall 
＞＞ThresholdThreshold

Predict Rainfall Predict Rainfall 
＞＞ThresholdThreshold

Real Rainfall Real Rainfall 
＞＞ThresholdThreshold
Real Rainfall Real Rainfall 
＞＞ThresholdThreshold

2323

Warning: 200Warning: 200～～600mm600mmWarning: 200Warning: 200～～600mm600mm Advise EvacuationAdvise EvacuationAdvise EvacuationAdvise Evacuation Enforce EvacuationEnforce EvacuationEnforce EvacuationEnforce Evacuation
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Time and Space Distribution of Rainfall Time and Space Distribution of Rainfall pp
Warning of Debris Flow OccurrenceWarning of Debris Flow Occurrence

土石流土石流
空間警戒空間警戒

Kalmaegi Typhoon, July 18, 2008Kalmaegi Typhoon, July 18, 2008

SpaceSpace
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Time Time 
DistributionDistribution

SpaceSpace
DistributionDistribution
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Effective Evaluation for Debris Flow 
Alert Operation

Evaluation IndexEvaluation Index Evaluation of 2008 and 2009Evaluation of 2008 and 2009
Factors Functions How to Factors Functions How to 

Alert Operation

C2(%) C3(%) C4(%)Events C1(%) C2(%) C3(%) C4(%)Events C1(%)Factors Functions How to 
Effective-
ness of 

Alert 
Notice

Check 
System 

Effi i

C1 = A1/D
A1: # happened after 

notice

Factors Functions How to 
Effective-
ness of 

Alert 
Notice

Check 
System 

Effi i

C1 = A1/D
A1: # happened after 

notice no debris 

11 /17 
=64.7%

C2(%)

no debris 

5 / 36 = 
13.9%

C3(%)

0

7 / 36 
=19.4%

C4(%)Events C1(%)
Kalmaegi
Typ. 2008

6 / 17 
=35.3%

Honhung no debris no debris 

11 /17 
=64.7%

C2(%)

no debris 

5 / 36 = 
13.9%

C3(%)

0

7 / 36 
=19.4%

C4(%)Events C1(%)
Kalmaegi
Typ. 2008

6 / 17 
=35.3%

Honhung no debris 

C2 = A2/D
A : # of acc  rainfall > 

Check 
Reliability 

Accuracy 
of 

Notice
(C1)

Efficiency D: total # of debris 
flow

C2 = A2/D
A : # of acc  rainfall > 

Check 
Reliability 

Accuracy 
of 

Notice
(C1)

Efficiency D: total # of debris 
flow

no debris 

3 / 4 
=75.0%

flow

no debris 

2 / 44 
=4.6%

flow
4 / 44 

=9.0%

0Typ. 2008 flow
Sinlaku Typ. 

2008
3 / 4 

=75.0%
Jangmi Typ no debris no debris 

3 / 4 
=75.0%

flow

no debris 

2 / 44 
=4.6%

flow
4 / 44 

=9.0%

0Typ. 2008 flow
Sinlaku Typ. 

2008
3 / 4 

=75.0%
Jangmi Typ no debris A2: # of acc. rainfall > 

alert value
D: total # of debris 

flow

Reliability 
of 

Threshold 
Values

of 
Threshold 

Values
(C2)

C  A3/T

A2: # of acc. rainfall > 
alert value

D: total # of debris 
flow

Reliability 
of 

Threshold 
Values

of 
Threshold 

Values
(C2)

C  A3/T
69.9

no debris 
flow

9.25%

no debris 
flow

14.2%

0Jangmi Typ.
2008

no debris 
flow

2008 
Average 55 69.9

no debris 
flow

9.25%

no debris 
flow

14.2%

0Jangmi Typ.
2008

no debris 
flow

2008 
Average 55

C3 = A3/T
A3: # villages that do 

suffering debris 
flow

T  t t l # f i

Check 
Accuracy 
of Alert 
System

Accuracy 
of Alert 
Notice

(C3)

C3 = A3/T
A3: # villages that do 

suffering debris 
flow

T  t t l # f i

Check 
Accuracy 
of Alert 
System

Accuracy 
of Alert 
Notice

(C3)
1 / 1 

=100%

24 / 28 
=86%

1 / 7 
=14 3%

10 / 61 
=16.4%

2 / 7 
=28 6%

18 /61 
=29.5%

Morakot
Typ. 2009

24 / 28 
=86%

Parma Typ. 
2009

1 / 1 
=100%

1 / 1 
=100%

24 / 28 
=86%

1 / 7 
=14 3%

10 / 61 
=16.4%

2 / 7 
=28 6%

18 /61 
=29.5%

Morakot
Typ. 2009

24 / 28 
=86%

Parma Typ. 
2009

1 / 1 
=100%T: total # of warningsSyste(C3)

C4 = A4/T
A4: # villages that do 

have debris 
Check 

Accuracy 
of Alert 

Accuracy 
of Debris 

Alert

T: total # of warningsSyste(C3)

C4 = A4/T
A4: # villages that do 

have debris 
Check 

Accuracy 
of Alert 

Accuracy 
of Debris 

Alert 93 2

no debris
=100%

15 4%

no debris
=14.3%

29 1%

no debris
=28.6%2009 =100%

1011 Storm
2009 no debris
2009 93 2 93 2

no debris
=100%

15 4%

no debris
=14.3%

29 1%

no debris
=28.6%2009 =100%

1011 Storm
2009 no debris
2009 93 2

2525

have debris 
hazards

T: total # of warnings
of Alert 
System

Alert
(C4)

have debris 
hazards

T: total # of warnings
of Alert 
System

Alert
(C4)

93.2 15.4% 29.1%2009 
Average 93.2 93.2 15.4% 29.1%2009 
Average 93.2
In Japan, C1 is about 80%, C4 is about 30% 

(高橋和雄，2006)
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Restrictions of RainfallRestrictions of Rainfall--based Debrisbased Debris--flow flow 

Restriction A.Restriction A.
Warning Model & Solutions ThinkingWarning Model & Solutions Thinking

Restriction A.Restriction A.
Debris flow events are not enough: 

1. Establishment of debris flow events database.
2 D l t f d b i fl it i t2. Deployment of debris flow monitoring systems.
3. Correlation analysis between physiographical factors   

and rainfall-based debris flow warning criteria.g
Restriction B.Restriction B.

Shortage of rainfall stations in the mountain area:
1 Enhance the spatial resolution of rainfall distribution1.Enhance the spatial resolution of rainfall distribution 

using the QPESUMS
2. Distribute DIY rain gauges to local residentsg g

Restriction C.Restriction C.
Uncertainty of the sequel rainfall:

2626

y q
1.Taking the QPESUMS rainfall prediction into 

consideration when issuing the debris flow warning

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

預測雨量整合預測雨量整合

Apply QPESUMS for Rainfall EstimateApply QPESUMS for Rainfall EstimateApply QPESUMS for Rainfall EstimateApply QPESUMS for Rainfall Estimate
Forecast 1 and 3 hour rainfallForecast 1 and 3 hour rainfall
D t l i t th i f ll l iD t l i t th i f ll l i

pp y Qpp y Qpp y Qpp y Q

Data analysis: compute the rainfall value in Data analysis: compute the rainfall value in 
the villages and rainfall stationsthe villages and rainfall stations
Assess the timing of warning declarationAssess the timing of warning declaration

Cooperation with NOAA, 
Water Resources Agency & 

Central Weather Bureau

Assess the timing of warning declarationAssess the timing of warning declaration

Forecast rainfallGIS displayGIS display
LIDAR integrate

2727

資料接收資料接收
Data receptionData reception

資料接收資料接收
Data receptionData reception

資料分析資料分析
Data analysisData analysis

資料分析資料分析
Data analysisData analysis

業務應用業務應用
ApplicationsApplications

業務應用業務應用
ApplicationsApplications

Spatial resolution ：1.3km
Time resolution ：10min

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Evacuation Routes and Drills for Evacuation Routes and Drills for Evacuation Routes and Drills for Evacuation Routes and Drills for Debris flow disasterDebris flow disaster
Debris Flow Disaster MitigationDebris Flow Disaster MitigationDebris Flow Disaster MitigationDebris Flow Disaster Mitigation

Debris flow disaster Debris flow disaster 
mitigation volunteermitigation volunteer

•548 Evacuation routes planned•548 Evacuation routes planned
•552 debris flow evacuation drills held
•800 Debris Flow Volunteer Specialists

Evacuation routesEvacuation routes
800 Debris Flow Volunteer Specialists

2828
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Rainfall Cones DIY Rainfall Cones DIY Rainfall Cones DIY Rainfall Cones DIY 
Distribute Distribute 21,000 21,000 DIY rain gauges to people.DIY rain gauges to people.Distribute Distribute 21,000 21,000 DIY rain gauges to people.DIY rain gauges to people.

President Ma v s Debris FlowPresident Ma v.s Debris Flow 
Volunteer Specialist

2929
7272水災遭土石流淹沒水災遭土石流淹沒
但人員平安撤離但人員平安撤離
7272水災遭土石流淹沒水災遭土石流淹沒
但人員平安撤離但人員平安撤離

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Outdoor Classrooms for Soil & Water Conservation Outdoor Classrooms for Soil & Water Conservation Outdoor Classrooms for Soil & Water Conservation Outdoor Classrooms for Soil & Water Conservation 
22 locations22 locations22 locations22 locations

586,290 586,290 visitors/yrvisitors/yr586,290 586,290 visitors/yrvisitors/yr
22 locations22 locations22 locations22 locations

古坑華山古坑華山

龍崎牛埔龍崎牛埔

Integrating communitiesIntegrating communities

3030

Integrating communities Integrating communities 
with outdoor soil &water with outdoor soil &water 
conservation classroomsconservation classrooms
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Debris Flow Monitoring SystemDebris Flow Monitoring SystemDebris Flow Monitoring SystemDebris Flow Monitoring System

3131

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Field debris flow monitoringField debris flow monitoring
ChinaChina U.S.U.S.

3232JapanJapan SwitzerlandSwitzerland

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

D b i fl it iDebris flow monitoring sensors

NN t t tt t tNonNon--contact type sensorcontact type sensor
Rain gaugeRain gauge
CameraCamera
SupersonicSupersonic water level meterwater level meterSupersonic Supersonic water level meterwater level meter
Optical sensorOptical sensor
VVibration sensoribration sensorVVibration sensoribration sensor

Contact type sensorContact type sensorContact type sensorContact type sensor
Wire sensorWire sensor
Fli iFli i

3333

Flipping sensorFlipping sensor

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Debris flow monitoring system in TaiwanDebris flow monitoring system in Taiwan
FixedFixed (on(on--site) debris flow monitoring stationsite) debris flow monitoring station ××13(+4)13(+4)
MobileMobile debris flow monitoring stationdebris flow monitoring station ××2(+1) 2(+1) MobileMobile debris flow monitoring stationdebris flow monitoring station ××2( 1) 2( 1) 
All the monitoring stations are established byAll the monitoring stations are established by SWCB SWCB (since 2002)(since 2002)

3434

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Obj tiObj tiObjectiveObjective

The debris flow monitoring stations are set up The debris flow monitoring stations are set up 
in order toin order to obtain related informationobtain related information when thewhen thein order to in order to obtain related informationobtain related information when the when the 
debris flow occurs.debris flow occurs.

All Observation data can be used as All Observation data can be used as 
references forreferences for designing the countermeasuresdesigning the countermeasuresreferences for references for designing the countermeasuresdesigning the countermeasures
of debris flow disaster mitigation.of debris flow disaster mitigation.

3535

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Fixed (on-site) debris flow monitoring stationFixed (on-site) debris flow monitoring station
Monitoring SensorsMonitoring Sensors

Information DisplayInformation Display
http://246.swcb.gov.tw

Monitoring SensorsMonitoring Sensors
Rain gaugeRain gauge

Satellite TransmissionSatellite TransmissionCCD cameraCCD camera
S tli htS tli htSpotlightSpotlight

Ultrasonic water level meterUltrasonic water level meter

Wire sensorWire sensor

Instrumental cabinInstrumental cabinGeophoneGeophone

3636

Data-processing
Power-Supply
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Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Instrumental cabinInstrumental cabin——Data processingData processingp gp g
IT System (Data processing)IT System (Data processing)

IPC(AD C d)IPC(AD C d)IPC(AD Card)IPC(AD Card)
DVR(VGA Card)DVR(VGA Card)
Video server (IPC)Video server (IPC)
Remote power controllerRemote power controllerpp
Hub, ReceiverHub, Receiver

3737

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Instrumental cabinInstrumental cabin——Power supplyPower supply

B k (72 h )B k (72 h )
PrimaryPrimary--domestic power supplydomestic power supply

Backup(72 hr)Backup(72 hr)
UPSUPS
ATSATS
Battery setsBattery setsyy
100L fuel tank100L fuel tank
Diesel generatorDiesel generatorDiesel generatorDiesel generator

3838

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Transmission systemTransmission system——Primary, BackupPrimary, Backup

Primary-VSAT satellite Frequency：C band (3.95-8.2GHz)
Transmission rate：256 k/sec

Monitoring
Sensors

Rain gauge
Wire sensor
Geophone SWCBGeophone
Water level meter

CCD
C

Backup

3939

Camera ADSL,GSM/GPRS
Wireless Network

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

http://246.swcb.gov.twWebWeb--based realbased real--time display systemtime display system
Deployment of sensors Introduction to sensorsReal-time image

CCD cameraCCD camera

GeophoneGeophone

Ground vibration signals

GeophoneGeophone

Ground vibration signals

4040Real-time information from cell phone

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Characteristics of debris flow monitoring systemCharacteristics of debris flow monitoring systemg yg y

Dormancy stage Operation stage
Operation

mode
Event
mode

Normal
mode

10mm/hr or 100mm 
or compulsion modemode

Rainfall thresholds

Remote 
Switch operation mode of system
Zoom in / zoom out — CCD cameraRemote 

control Rotate lens — CCD camera
Turn on / off — spotlight 
Reset industrial computers

Open F i f i i
4141

Open 
system

Future expansion of monitoring sensors

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Field Observation DataField Observation Data

Pilotless plane photo(2004/07/12)

Aiyuzih bridge

Debris flow disaster in Pilotless plane photo(2004/07/12)Debris flow disaster in 
Aiyuzih creek, Shenmu
Village after typhoon g yp
Mindulle on July 2, 2004. 

Landslide area increased

4242Aerial photo (2002/10)
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Allocation of monitoring instrumentsAllocation of monitoring instruments
Shenmu debris flow monitoring station

Wire sensors Rain gauge

CCD

Wire sensors

Geophone

CCD camera

Aiyuzih creeky
Geology: sandstone & shale
Main channel length: 3.81 Km
Average slope: 26%g p
Drainage area: 4.1 Km2

4343

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Field observation data

神木觀測站7/2 7/5降雨強度及累計雨量圖

Rainfall data in Shenmu monitoring station from July 2 to 5, 2004

神木觀測站7/2~7/5降雨強度及累計雨量圖
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Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Rainfall data in Shenmu station (Aiyuzih 
k) f 07 20 t 17 00 J l 2 2004

神木站7月2日07:20~17:00十分鐘降雨強度與累積雨量圖

creek) from 07:20 to 17:00 on July 2, 2004
Preceding rainfall Higher wire broke S d l l  神木站7月2日07:20~17:00十分鐘降雨強度與累積雨量圖
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7 7 8 8 9 9 10 10 11 11 12 12 13 13 14 14 15 15 16 16

時間 (分 )Time (hr)
Debris flow warning

issued by SWCB 08:40 am

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Characteristics of debris flows form image  data
1. A very low discharge just before the surge
2. Accumulation of large boulders at debris flow front

May, 2004

3. Wavy surface of debris flows
4. A rapid decrease of the flow depth behind the front

•the average velocity of front
surge 13 m/sec
th fl d th f th f t•the flow depth of the front
surge between 5.5 to 6 m
•maximum particle size about 4maximum particle size about 4
to 5 m
•the average flow depth of 2 m

4646

•flow duration of about 5
minutes

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Ground vibration generated by debris flowGround vibration generated by debris flowGround vibration generated by debris flowGround vibration generated by debris flow

D i  th  d b i  fl    Debris 
flows

During the debris flows, one can 
hear a roaring sound and 
experience ground vibration (or so 

Ground
Vibration

experience ground vibration (or so 
called underground sound). 
→ New way for early warning of  Vibration

S

y y g
debris flows occurrence.

Sensor

River

4747By Ken-ichi ASAI

River

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Second large-scale debris flow
detected by geophonedetected by geophone
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Ground vibration of debris flow 
d t t d b id t hThe starting point of detected by midstream geophone
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the debris flow ground vibration
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Deployment of serial geophones Deployment of serial geophones y gy g

→ In order to estimate the velocity of → In order to estimate the velocity of 
debris flow front surge,  the 
geophones are deployed along g p p y g
the riverbank serially.

(Italy : M.Arattano, 2003)
Debris 
flows

100 m
100 m

( y , )

100 m
Geophone 1

Geophone 2 X Y

Z

5050

Geophone 2
Geophone 3

YGS20-DX, 3-Directions
Measuring Frequency : 8  to 1500 Hz 

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Average velocity of debris flow front surge
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Comparison of ground vibration velocity 
generated by debris flows

Mid t h d b k t tMidstream geophone: dry masonry bank revetment
Downstream geophone: concrete bank revetment

Geophone Geophone 
Ground vibration velocity Ground vibration velocity 

(cm/s)(cm/s)
Ratio against the Ratio against the 
background noisebackground noiseGeophone Geophone 

LocationLocation
XX--axisaxis YY--axisaxis ZZ--axisaxis XX--axisaxis YY--axisaxis ZZ--axisaxis

MidstreamMidstream 7373 7272 37 237 2 365365 360360 186186MidstreamMidstream 7373 7272 37.237.2 365365 360360 186186

5252

DownstreamDownstream 6.476.47 5.135.13 4.584.58 32.3532.35 25.6525.65 22.922.9

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Criteria of detecting debris flow usingCriteria of detecting debris flow using 
ground vibration signal

ThTh lit dlit d f d ib ti i lf d ib ti i lThe The amplitudeamplitude of ground vibration signalof ground vibration signal

TheThe time durationtime duration of the signal over aof the signal over aThe The time durationtime duration of the signal over a of the signal over a 
certain thresholdcertain threshold

The The frequency rangefrequency range of the ground          of the ground          
vibration signalvibration signalvibration signalvibration signal

5353
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Images from Unmanned  Aerial Vehicle (UAV)
(Aiyuzih creek)

19961996 20092009

5454
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Videos from UAV after Typhoon
Morakot, 2009 (Aiyuzih creek)

5555

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Monitoring Images Monitoring Images –– Aiyuzih CreekAiyuzih Creek Shenmu StationShenmu Station
during Typhoon Morakot 2009during Typhoon Morakot 2009during Typhoon Morakot, 2009during Typhoon Morakot, 2009

Downstream CCD image (front view)Downstream CCD image (front view) Midstream CCD image (side view)Midstream CCD image (side view)

50m Front surge velocity

5656

g y
50m/3sec=17m/s

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Development of mobile debris flow monitoring station (since 2004)g

Rain gauge CCD camerag g
Spotlight

Generator IPC

Inventor GPS

5757Battery sets LCDGeophone Spectrum analyzer

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Dispatch of mobile stations according

Typhoon invasion routes (1897~1997  CWB)

to the prediction of typhoon route
Typhoon invasion routes (1897 1997, CWB)

5858
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Real time monitoring of dammed lake 

Lung Chuen stream  Taitung County (eastern Taiwan)Lung Chuen stream  Taitung County (eastern Taiwan)

July 23, 2006July 23, 2006July 23, 2006July 23, 2006
g

(4 million m  of water storage) 3

Lung-Chuen stream, Taitung County (eastern Taiwan)Lung-Chuen stream, Taitung County (eastern Taiwan)

5959

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation Bureau

Future development— module of monitoring sensors
B d th b ti

R i

Broaden the observation scope

Rain gauge
CCD camera

Radio wavesRadio waves
Wireless communication

1.2GHz (500M)1.2GHz (500M)350MHz (3Km)350MHz (3Km) 1.2GHz (500M)1.2GHz (500M)350MHz (3Km)350MHz (3Km)

Module of geophone is 
under development

6060
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Strengthen monitoring capabilities of the systemStrengthen monitoring capabilities of the system

For the global climate change, 
strengthening the ability of

Light meter
strengthening the ability of 
environmental observation

Thermo-Hygrometer

Soil moisture probe

Instrumental 
cabin

CCD camera

W t  l l t

Soil moisture probe

cabin

Geophone Wire sensor

Water level meter

6161
Barometer

Geophone
Anemometer & Wind direction vane
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Landslide Monitoring Station  (since 2008)
Pingding Village, Yunlin County

GPS位移與雨量的關係圖
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Extensometer
坪頂雨量站即時雨量與自記式雨量組體圖
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Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauShimen Reservoir Watershed Sediment 
Monitoring Station (since 2008)

Data Receive Center

Monitoring Station (since 2008)

Monitoring Instr mentsMonitoring Instruments

CCD Cameras

636363Earth pressure meterWater pressure meterWater level meter

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauAutomatic Analysis System of 
Images from CCD CameraImages from CCD Camera

Discharge Estimation

Velocity Estimation

Image  Variation

6464
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Prototype of  Simple (Grid) Monitoring Station

PTZ CCD
Rain gaugeRain gauge

Design
Solar panel

Geophone

6565

Geophone
Data logger
& batteries
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Mobile Monitoring Mobile Monitoring 
I t tiI t ti

UAVUAV
IntegrationIntegration

Monitor in Monitor in 
the Airthe Air

Satellite Satellite 
TransmissionTransmission

the Airthe Air

Monitoring Monitoring 
Information CenterInformation Center Satellite Satellite 

Search Search 

Land MonitorLand Monitor
Extend Extend 
MonitorMonitor

Data ObtainData Obtain
WEBWEB

Land MonitorLand Monitor MonitorMonitor

Data ObtainData Obtain

6666
Movable MonitorMovable Monitor Module MonitorModule Monitor
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Debris Flow Monitoring and Forecast System–
Mobile Station Dispatch SystemMobile Station Dispatch System

2. Typhoon Rainfall 
Data 3. Expert Decision 

Analysis System1 Based on Typhoon Analysis System1.Based on Typhoon 
Path

4.2D/3D Display 
County/Town Potential 

6767

Debris Flow Torrent
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Application of Optical Fiber to Ground Application of Optical Fiber to Ground 
Vibration DetectionVibration Detection

Application of Optical Fiber to Ground Application of Optical Fiber to Ground 
Vibration DetectionVibration DetectionVibration DetectionVibration DetectionVibration DetectionVibration Detection

出水溪土石流光纖監測系統及監測陣列
Broaden the 

出水溪土石流光纖監測系統及監測陣列 upstream 
monitoring 

( b t 1 3area ( about 1.3
kilometers)

FBG光纖光柵感測器FBG光纖光柵感測器

6868
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Fixed & Mobile Doppler Fixed & Mobile Doppler 
Weather Radar StationsWeather Radar StationsWeather Radar StationsWeather Radar Stations

The SWCB cooperate The SWCB cooperate 
ith C t l W thith C t l W thwith Central Weather with Central Weather 

Bureau (CWB) to Bureau (CWB) to 
develop the radar echo develop the radar echo pp
technology in rainfall technology in rainfall 
predictions.predictions.

6969
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Debris Flow Disaster RecoveryDebris Flow Disaster RecoveryDebris Flow Disaster RecoveryDebris Flow Disaster Recovery
HuaHua--shan Villageshan Village

--Case StudyCase Study--
HuaHua--shan Villageshan Village

--Case StudyCase Study----Case StudyCase Study----Case StudyCase Study--

7070
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Software Combination with Hardware for 
Disaster MitigationDisaster Mitigation

Under climate change impact, strategy of 
disaster precaution should be considereddisaster precaution should be considered 
from software to hardware. 
Non-engineering measures should combine 

ith iti ti k

超過硬體工程超過硬體工程
Hardware workingHardware working

Protection capProtection cap

Disaster over the Disaster over the 
hardware hardware 

protection capprotection cap

with mitigation works.

硬體工程硬體工程
保護上限

災害災害
規模規模

超過硬體工程超過硬體工程
保護極限保護極限之之災災
害規模害規模DisasterDisaster

scalescale
Disaster

scale

Protection capp

災害災害
規模規模

保護上限保護上限 規模規模 硬體硬體

軟體

scalescale scale

《小規模《小規模災害機率災害機率 高高》》 ＜災害發生的機率＜災害發生的機率 小＞小＞ 軟體防災涵蓋面軟體防災涵蓋面
軟硬兼施軟硬兼施的防災策略的防災策略

《《大規模大規模災害機率災害機率 低低》》Small scale for high 
disaster rate

large scale for low 
disaster rate Strategy of hardware 

7171

軟硬兼施軟硬兼施的防災策略的防災策略
disaster rate disaster rate gy

and software
(摘自日本地方再生戰略，2008)

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauNNNNSediment Disaster Management Project
in Daniao tribe, Taitung, East Taiwan

Sediment Disaster Management Project
in Daniao tribe, Taitung, East Taiwan

Slit damSlit dam
check damcheck dam

Landslide coverage 
was 8ha and deposit
Landslide coverage 
was 8ha and deposit

Slit damSlit dam
check damcheck dam

Landslide coverage 
was 8ha and deposit
Landslide coverage 
was 8ha and deposit

, g,g
大鳥部落土砂災害整體治理規劃大鳥部落土砂災害整體治理規劃

北一溝

check dam
sedimentation pondsedimentation pond

was 8ha and deposit  
volume was 300 
thousand m3

was 8ha and deposit  
volume was 300 
thousand m3

北一溝

check dam
sedimentation pondsedimentation pond

was 8ha and deposit  
volume was 300 
thousand m3

was 8ha and deposit  
volume was 300 
thousand m3

bridge rebuild bridge rebuild 
retaining wallretaining wall

bridge rebuild bridge rebuild 
retaining wallretaining wall

南一溝
water diversion wallwater diversion wall

1. Anticipated dredging amount 
is 0.26million m3.

2 R id t ti i ti hi

南一溝
water diversion wallwater diversion wall

1. Anticipated dredging amount 
is 0.26million m3.

2 R id t ti i ti hi

9

increase the discharge 
section of the bridge 
increase the discharge 
section of the bridge 

elementary schoolelementary school
南

2. Resident participation: hire 
resident for disaster 
prevention.

3. Vegetation Recovery 8 ha 99

increase the discharge 
section of the bridge 
increase the discharge 
section of the bridge 

elementary schoolelementary school
南

2. Resident participation: hire 
resident for disaster 
prevention.

3. Vegetation Recovery 8 ha 9

9
北北

yy

ㄧㄧ
溝溝

南南
ㄧㄧ
溝溝

relay houserelay house

3. Vegetation Recovery 8 ha
4. Reinforced debris flow drill 

and disaster prevention 
preparedness.

5 Sh lt D i l t

99

99
北北

yy

ㄧㄧ
溝溝

南南
ㄧㄧ
溝溝

relay houserelay house

3. Vegetation Recovery 8 ha
4. Reinforced debris flow drill 

and disaster prevention 
preparedness.

5 Sh lt D i l t

7272大大 鳥鳥 溪溪 2010.1.18

溝溝5. Shelter：Daniao elementary 
school,  Da-Wu junior high 
school.

大大 鳥鳥 溪溪 2010.1.18

溝溝5. Shelter：Daniao elementary 
school,  Da-Wu junior high 
school.
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Debris Flow Disasters & Mitigation PorjectDebris Flow Disasters & Mitigation Porject
after Typhoon Mindulle (2004/7/2) in Sungho Taichungafter Typhoon Mindulle (2004/7/2) in Sungho, Taichung

After Chichi Earthquake
Rainfall accumulated:  1,430mm 
Sediment yield: 250000m3

E t d 1080 id t 1999.10.311999.10.31
qEvacuated 1080 residents

60 houses destroyed & 1 casualty

Sungho CreekSungho Creek

2004 7 72004 7 7

Sungho CreekSungho Creek

2004.7.72004.7.7

Sungho CreekSungho Creek

7373

Buffer Zone After Typhoon Mindulle
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Integrated Reservoir Watershed Integrated Reservoir Watershed gg
Conservation & recovery Project in SuConservation & recovery Project in Su--Le Le 

After Restoration 2006.6.09 stormAfter Restoration 2006.6.09 storm
Debris flow disasterDebris flow disaster

2005.2.26 15:012005.2.26 15:01

vegetation restorationvegetation restoration
natural restoration

坡
地
排

detention & depositdetention & deposit
排
水

Sabo 
work
Sabo 
work

Slope 
revetment

Slope 
revetment

drainagedrainage

workwork
蘇樂橋

7474
公路局復興工務段提供公路局復興工務段提供 BeforeBefore After recoveryAfter recovery

Soil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauSoil & Water Conservation BureauDebris Flow Torrents & Landslides in HuaDebris Flow Torrents & Landslides in Hua--shanshan
Potential Debris Flow TorrentPotential Debris Flow TorrentPotential Debris Flow TorrentPotential Debris Flow Torrent

土石流潛勢溪流

崩塌地

Potential Debris Flow TorrentPotential Debris Flow TorrentPotential Debris Flow TorrentPotential Debris Flow Torrent

崩塌地
LandslideLandslideLandslideLandslide

Big Sharp Mt.Big Sharp Mt.

15 houses, 1 road & 3 15 houses, 1 road & 3 
bridges destroyed by dbridges destroyed by debris ebris 
flows in 2000 and 2001flows in 2000 and 2001

LandslideLandslideLandslideLandslide

El. 1,304mEl. 1,304m

崩塌地

LandslideLandslideLandslideLandslide

土石流潛勢溪流 VillagesVillagesVillagesVillages

7575

Potential Debris Flow TorrentPotential Debris Flow TorrentPotential Debris Flow TorrentPotential Debris Flow Torrent
土石流潛勢溪流 VillagesVillagesVillagesVillages
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Deployment of engineering works in HuaDeployment of engineering works in Hua--shan shan Deployment of engineering works in HuaDeployment of engineering works in Hua--shan shan 

Slit D #2Slit D #2

Loose Rock Loose Rock 
DamDam

p y g gp y g gp y g gp y g g

Slit Dam #2Slit Dam #2

Slit Dam #3Slit Dam #3Serial Check DamsSerial Check Dams Check Check 
DamDam

Debris BasinDebris Basin
Slit Dam #1Slit Dam #1

Debris BasinDebris Basin

HeavyHeavyHeavy Heavy 
equipmentequipment

standbystandby

7676

颱風豪雨發布後颱風豪雨發布後，，於土石流危於土石流危
險區先進駐重機械待命。險區先進駐重機械待命。

颱風豪雨發布後颱風豪雨發布後，，於土石流危於土石流危
險區先進駐重機械待命。險區先進駐重機械待命。
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Landslide Source Stabilization by Local ResidentsLandslide Source Stabilization by Local ResidentsLandslide Source Stabilization by Local ResidentsLandslide Source Stabilization by Local Residents
Filling cracks, staking, drainage systemFilling cracks, staking, drainage systemFilling cracks, staking, drainage systemFilling cracks, staking, drainage system

7777
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台台 Debris Flow Disaster MitigationDebris Flow Disaster MitigationDebris Flow Disaster MitigationDebris Flow Disaster Mitigation
Case StudyCase Study

2001.09.182001.09.182001.09.182001.09.18
After Nari TyphoonAfter Nari Typhoon

台
灣
咖
啡

台
灣
咖
啡

Debris Flow Disaster Mitigation Debris Flow Disaster Mitigation 
Combined with Rural DevelopmentCombined with Rural Development

In HuaIn Hua--shan, Kukeng, Yunlinshan, Kukeng, Yunlin

Debris Flow Disaster Mitigation Debris Flow Disaster Mitigation 
Combined with Rural DevelopmentCombined with Rural Development

In HuaIn Hua--shan, Kukeng, Yunlinshan, Kukeng, Yunlin
啡
的
故
鄉

啡
的
故
鄉鄉鄉

Mergence of Business & Mergence of Business & 
EcologyEcology

Mergence of Business & Mergence of Business & 
EcologyEcology

7878Debris flow monitorDebris flow monitorDebris flow monitorDebris flow monitor
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Debris Flow Outdoor Classroom Debris Flow Outdoor Classroom Debris Flow Outdoor Classroom Debris Flow Outdoor Classroom 
Established after Debris Flow MitigationEstablished after Debris Flow MitigationEstablished after Debris Flow MitigationEstablished after Debris Flow Mitigation

ValueValue--addedaddedValueValue--addedaddedin Huain Hua--shan, Kushan, Ku--keng, Yunlin keng, Yunlin in Huain Hua--shan, Kushan, Ku--keng, Yunlin keng, Yunlin ValueValue--added added 
BenefitBenefit

ValueValue--added added 
BenefitBenefit

Typhoon Nari Disaster 1999Typhoon Nari Disaster 1999Typhoon Nari Disaster 1999Typhoon Nari Disaster 1999

,, g,g,,, g,g,

5m creek 5m creek 
extended to 70mextended to 70m

5m creek 5m creek 
extended to 70mextended to 70m

7979
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With NT$ 3 millions With NT$ 3 millions 
expanses in promotionexpanses in promotion
With NT$ 3 millions With NT$ 3 millions 
expanses in promotionexpanses in promotion

2004 Coffee Festival2004 Coffee Festival2004 Coffee Festival2004 Coffee Festival
─The name of “Hometown of Taiwan Coffee” ─The name of “Hometown of Taiwan Coffee” 

spreads all over the whole country. spreads all over the whole country. 
─The name of “Hometown of Taiwan Coffee” ─The name of “Hometown of Taiwan Coffee” 

spreads all over the whole country. spreads all over the whole country. 
expanses in promotion, expanses in promotion, 
the villagers earned over the villagers earned over 
NT$ 400 millions.NT$ 400 millions.

expanses in promotion, expanses in promotion, 
the villagers earned over the villagers earned over 
NT$ 400 millions.NT$ 400 millions.
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華山華山經典經典農村農村華山華山經典經典農村農村華山華山經典經典農村農村華山華山經典經典農村農村
Award the Top 10 Rural VillagesAward the Top 10 Rural VillagesAward the Top 10 Rural VillagesAward the Top 10 Rural Villages

8181

Debris Flow Disaster Mitigation withDebris Flow Disaster Mitigation with
IntegratedIntegrated Rural DevelopmentRural Development

in Huain Hua--shan, Kushan, Ku--keng, Yunlinkeng, Yunlin

Debris Flow Disaster Mitigation withDebris Flow Disaster Mitigation with
IntegratedIntegrated Rural DevelopmentRural Development

in Huain Hua--shan, Kushan, Ku--keng, Yunlinkeng, Yunlin
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Effects and Expectation fromEffects and Expectation fromEffects and Expectation from Effects and Expectation from 
Risk ManagementRisk Management
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(modified from Hong Kong GEO)(modified from Hong Kong GEO)
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Future Perspective for Debris Flow Future Perspective for Debris Flow Future Perspective for Debris Flow Future Perspective for Debris Flow pp
Disaster ManagementDisaster Management

pp
Disaster ManagementDisaster Management

T H I N KT H I N KT H I N KT H I N K
TTechnologyechnology：：Research, development and practice.Research, development and practice.TTechnologyechnology：：Research, development and practice.Research, development and practice.

－－T.H.I.N.KT.H.I.N.K－－－－T.H.I.N.KT.H.I.N.K－－
TTechnologyechnology Research, development and practice.Research, development and practice.
HHuman managementuman management：：Improve people’s knowledge of Improve people’s knowledge of 
precaution against disasterprecaution against disaster

TTechnologyechnology Research, development and practice.Research, development and practice.
HHuman managementuman management：：Improve people’s knowledge of Improve people’s knowledge of 
precaution against disasterprecaution against disasterprecaution against disaster.precaution against disaster.
IInvestigationnvestigation：：Investigate the potential locations to Investigate the potential locations to 
cope with disasterscope with disasters

precaution against disaster.precaution against disaster.
IInvestigationnvestigation：：Investigate the potential locations to Investigate the potential locations to 
cope with disasterscope with disasterscope with disasters.cope with disasters.
NNoticeotice：：Accurately control possible occurring time and Accurately control possible occurring time and 
give a declaration  give a declaration  

cope with disasters.cope with disasters.
NNoticeotice：：Accurately control possible occurring time and Accurately control possible occurring time and 
give a declaration  give a declaration  give a declaration. give a declaration. 
KKnowledgenowledge：：Information and database as well as expert Information and database as well as expert 
d i id i i ki  tki  t

give a declaration. give a declaration. 
KKnowledgenowledge：：Information and database as well as expert Information and database as well as expert 
d i id i i ki  tki  t
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decisiondecision-- making system.making system.decisiondecision-- making system.making system.

Thank YouThank YouThank You 
for Attention
Thank You 

for Attentionfor Attentionfor Attention
Soil and Water Conservation Bureau 

Always Working with You
Soil and Water Conservation Bureau 

Always Working with YouAlways Working with YouAlways Working with You
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