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Introduction

Talwan is located at the convergent
boundary of the Eurasian Plate and
the Philippine Sea Plate.
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Land Resources Distribution
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‘Low’ refers to less than one eyclone every thres years per 0.002 dd®, ‘modarate’
batwaean one avary three years to one evary year per 0.002 dd? and ‘high’ to ona t

e o s e eOne of the regions suffered from typhoOhs
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Climate Change Impact
@ Temperature increases about 1.4 in the last 100 years (1901-2006).

@ Number of typhoons per year increased dramatically after 2000.
From N=3.2(1951-2000) to N=6.8 (2001-2009)

Average number of cyclones: low moderate [ high

(1980-2000)

North
- Atiantic

North East Pacific

Taiwan

highar.
* average based on eight years only. Sources: PREVIEW Global Cyclone Asymmetric Windspeed Profile, UNEP/GRID-Europe.
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Variation of rainfall pattern

Annual rainfall of Taiwan
of Talwan in last 50 years n the past 50 years
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Historic Typhoon Disasters in Taiwan
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Tess.nerb, DeDbris Flow Disasters in Taiwan
2001 =Toraji
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2. Debris Flow Disaster Management
— Preparedness; Emergency
Response and Recovery



Transportation part
Erosion effect

Source area
Landslides
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Deposition(fan) zone
Affected area

e




w Soil and Water Conservation Bureau (SWCB)
'E:ﬂ .

Hazard Assessment Procedures
(NOAA-USGS)

Where?
(hazard mapping)

When?

(rainfall intensity-duration thresholds)
How big?

(volume or peak discharge)

How far?
(runout and inundation-area mapping)

10
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: : Where?
1,664 | Potential debris . .
Torrents flow torrents Debris Flow Disaster
Delineation of Prevention Framework
affected areas i
How big (far) ?
48,496 Inventory of
People protected targets ‘Disaster analysis
Software
- Hardware |
g [ ‘@’ | l Zoning
% Enaineerin Land u‘.rc.,e Residential Evacuation When? ?D.I
0 g 9 restrictions | Relocation u Rainfall warning o
0
x ! threshold 8‘
0
=

. Prevent
vulnerability
factors

. Mass energy
transformation

. Diversion

. Suppression work

. Restrain

Delimitation

Restriction

Announcement

1

Rainfall >
Threshold

Planning
Drill
Promotion

)

Disaster Info.

Location
Coordination

Relocation

11
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Investigation of Potential Debris Flow
Torrents & Landslides

m Potential Debris Flow Torrents

1,664 Torrents Potential Debris Historic Landslides
Flow Torrents Distribution

B Landslide Areas .
46,950 ha <

(] eirmEgstm
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Investigation of Potential
Debris Flow Torrents

Risk Degree=Probability X Assured /Safety

Factors of Probability

« Valid watershed area 3 ha
before 921 earthquake(1999)
adopted 10 ha

« Rock broken extent
« Length of fault, slopei.
« Upstream collapse area

Assured Safety

¢ Protected Targets: houses,
school, roads, publics,
farms.....etc.

Al

Risk

Probability

Low

Assured
Safety

Low

Low

Mid

Low

High

VIl High

¢ Including 10° slope deposit range

13
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RIsk Mapping

Warning Simulation of Debris
Flow Dlsaster Condltlon

Debris Flow Risk Mapping

(hazard dIStr|IbutI0n)

FLO-2D debris flow
Haza_rd_ Zone simulation
Definition return(g)erlod rainfall
10,100,200 years
a2.0mM
. h*v)Tnax>2 5m2/s | |
1m<h_..<2.5m :
Med 1m2/5<(ﬁ2§/) <5 Max velocity Max Y)th
A 2T Distribution D?ﬂbUt
LOW| (i) <2 5m2s (v) | | (h)
I
FLO-2D Hazard GIS Layers

Analysis module | *(Aerial photo,

road, bu,ildlngs)

Risk map of
Debris Flow
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Localized Rainfall-based
Debris-flow Warning Model

» Rainfall Triggering Index (RTI)
Rainfall intensity > Effective.accumulative rainfall

RTI=1 X R,

R, Effective accumulative rainfall
Accumulative rainfall
Preceding rainfall fox 7 days

| Rainfall intensity (mm/hr)

RTl,, RTI at 70% of probability that

debris flow occurred

= The critical accumulative rainfall
for evacuation (Rc) is set for
easier public understanding and
local application

100096

10000 Qi h hatanti A gied
X 4 e e m - x o xRIEMS L
a x X X x
10%eMediym parentialaon-96%,
1 xX X - % X x Xy x
1.x*  x » vxy = X by oT

_ RTI=190
Low potential <10%

Rainfall Events N

15
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Does the public understand the
warning model?

-« The answer is NO.

o People can understand the accumulated

. rainfall, but do not<do not want to)
understand the rainfall intensity.

. Weather Bureau reports only the
. accumulated rainfall also.

éotol\/lore simplified model for the public is
. needed.
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Simplified RTI model

The critical RTl-value involves two parameters (Il and R) is too academic and
not easy to understand for people living in mountainous areas.

The Critical accumulated rainfall (R.) is set for easier public

understanding and application for evacuation.
50

40

Rc is estimated from the critical RTI-value
with a consideration of rainfall' mtensity of
10 mm/hr, and rounded with 50mm as an
interval of the critical aceumulated rainfall.
That is to say for different counties, Rc
could be 200, 250, 300, 350, 400, 450, 500,
550, or 600 mm.

I (mm/hr)

N
o
|

10
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Warning criteria Table

Village and (N) the numbers of

Rainfall station 2

debris flow torrents in the village

A
Rainfall station 1
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Warning Criteria

Numbers of debris flow torrents in township
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Announcement of D_ebris Flow
Warning In Tarwan

mRainfall Threshold for Predict Rainfall Real Rainfall
Debris Flow Warning : Thresheld A Threshold
200 600mm jote
-30hr. -18hr. -12hr.
Q)
Sea typhoon Sea & I?nQ yphoon alarm
alarm Yellow warning
B T
forecast N
Aadvise Evacuation Eénggg%% -
Local government Local government should
should Advise the Enforce the evacuation

iInhabitant to evacuate. of inhabitants.
19
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' - Toll-free Hotli
Debris Flow Emergency Operation Task Force of SWCB oli-iree Hotine

0800-246-246
Emergency Response

auring Typhoon

m Typhoon: Real-time weather condition

= Rainfall monitoring: Every 10 min

m Announce: Debris flow warning
Debris flow information system

http://246.swcb.gov.tw/
http://246eng.swcb.gov.tw/(Ehglish version)
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Evacuation Routes and Drills for Debris Flow
Debris Flow Disaster Mitigation  Vo'inteer Specialist

* 947 Evacuation routes planned
* 649 debris flow evacuation drills held
» 1387 Debris Flow Volunteer Specialists

Evacuation Route Map
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Debris Flow Warning and f RT] 5

Evacuation o LD
. ; 11'4 2
€ During the typhoon Morakot period, *ﬁm;?. ﬂfggﬁ;
the SWCB had issued 21 debris flow P00 TIBDRI L s g ey
. . _mﬁulﬂmwﬁr‘-mm . *rM.mHm
warnings to the public and local L :mf;iﬁgml = |
. “ 33 o
governments based on the real-time 28 REEDFO% rﬁmﬂfﬁ 3
. 0 o 1 X
weather information from CWB. i ;“i"a%“mm; Emmm (DR
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17 On-site and 3 mobile debris flow monitoring station

Monltorlng Monitoring Sensors] te Transmission Information Display
e A http 11246.swcb.gov.tw

Ultrasenic water
level meter

THNITaRTEAE
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Evolution of mobile station

TEHILIAHRSEAR



14 Grid debris flow monitoring station (since 2010)

CCD camera

Rain gauge

S e

’

Soil moisture peobg,

A Data logger
-5 and battery Geophone
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Typhoon Morakot, Aug. 8, 2009

CCD image (frontview)  CCD image (side view) Velocity
downstream upper stream S

B 50m/3sec=16.7 m/s

m Geophone signal after wavelet

mAccumulative X - transform (8/8 16:56~17:00)
rainfall: % | - |: midstream
1500mm | 0 ‘"'E p—‘* e - :
=Max. hourly [ =0 ¥ |
Lalnfall: 82mm ’ w= o 10seC me oo
. Il"” (= Ll downstream
T T ~‘* o B SRS T v 173m / 1OSEC =17m/ S 26
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Debris flows disasters after typhoon Morakot,2009

Vertical incision
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Unmanned Aerial Vehicle (UAV )
to Collect and Analyze Disaster Information
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Landslide Changing from UAV Images
(Upstream area of Aiyuzih creek)




Landslide area : 8 ha Accumulative rainfall
1,383 mm

Maximum rainfall

Rainfall threshold of intensity 100 mm/hr
warning 350 mm

Sediments 300,000 m3 .




Artificial Vegetation
Recovery

~ Engineering Construction Design
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3. Challenges of Typhoon-Morakot (2009)
and Future Perspective

32
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Typhoon Morakot, 2009

Typhoon Route and Radar Echo Image

(AUg\6-10, 2009)_
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Damage of

Calamity

Caused by Typhoon Morakot (Aug 6-10, 2009)
B Max. accumulative rainfall (Aug 6-10, 2009): 3059.5mm.

B Coverage area of total rainfall
B Total new landslides: 39,492 ha.

M Evacuate and withdraw: 24,950 people.
M Casualty and missing: 757 people.
B Total damage: 6.7 billion USD(1.6% GDP)

2000mm: 320,000km?.

@000 B n g bt g b W 3 E 3L R
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Rainfall-Duration Curve between
the Morakot & Historic Typhoons

Compound Hazards

Shallow

Landslide Deep Landslide” ~\Dam Bursting
3 000 __ - = 1\ . \ )
’ Flood Debris Flow Landslide Dam

Rainfall Characteristics:
e long duration

2,000 * high accumulative rainfatl

Morakot (2009)

Accumulative Rainfall (mm)

- - - - Kalmaegi (2008)
Aere (2004)
1,000+ - - A-- Toraji (2001)
° --%-- Winnie (1997)
®
] 2> N Herb (1996)
A.Af-,féir'j?!—. iolefl
0 oS e capanatat | - | . | - |
0 20 40 60 80 100

Duration Time (hour) 35
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Compound Hazards Occurred Slmultaneously

v Compound hazards
at Hsiaolin Village, Chia-sien,
Kaohsiung County:

% Flooding

% Shallow landslide

L Debris flow

%, Deep-seated landslide
% Landslide barrier dam
L Dam breach

=Dead and missing: 457 people
= Accumulative rainfall: 2,076mm
=landslide coverage area: 350 ha
= Sediment yield of Landslide:25x10%m3




Landslide

37
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Should extreme rainfall of Morakot be considered
as a hormal or a extreme weather event

‘/EXtreme Rai!?fa// 20090809 0000-2400L
Characteristics of Morakot

¢ Basin-wide coverage
¢ High intensity
¢ Long duration

« The max rainfall of Typhoon
Morakot were Max-24-hr (1583mm)
and 48-hr (2361mm); That rainfall
approached to‘world records (48-hr

2467/mm, 1958).

o The 24-hr rainfall in Kaoping River
Basin was over the expectation of |
Total Rainfall Map of

200-yr return period. Typhoon Morakot, 8/6-8/9,2009

38



Does the slit dam work?
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Integration of Software and Hardware

= Under climate change impact, strategy of disaster precaution
should be considered from hardware to software.

= Non-engineering measures should combine'with mitigation works.

Disasterover the
hardwacteprotection limit

Hardware P o g r Tt
protection limit S~——" ‘ I o i
/_,.4-'-_—'--.,\ L = 2 ".‘“""‘-.'_.‘ L"F‘_—_‘-‘\"\I
_ i, T T Y A T R N
Disaster
scale
SRy Hardwar
e | — Software L
ID—* ---- :- V- - -- - @
High frequency Low frequenc
small scale large gcale 4 Hardware & software

( 200840
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Apply QPESUMS for Rainfall Estimate

¢ Forecast 1 and 3 hour rainfall

¢ Data analysis: compute the rainfall vatde In
the villages and rainfall stations

¢ Assess the timing of warning declaration

Cooperation with NOAA, Water
Resources Agency & Central
Weather Bureau

GIS display &

Spatial resolution  1.3km
Time resolution 10min
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~App of Debris Flow Disaster Pars
Prevention Information Android
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Application of Google Crisis Response  ®%EE
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Integration of Debris Flow Disaster

Mitigation & Rural Regeneration
In Hua-shan, Ku-keng, Yunlin

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

Typhoon Nari, 2001

ARt ﬂﬁ) A50
N
@ﬁﬁgﬁﬂﬁﬁﬁﬁ

- Mmﬂ:..:ﬂr.ﬂmt
Ll e o

A news report about 2006
Coffee Festival in Hua-shan

Debris flow monitoring After treatment 44
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Award the Top 10 Rural Villages of Taiwan
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Future Perspective for Natural
Disaster Management

T.H.I.N.K

«* Technology Research, development and practice.

< Human management Impreve people’s awareness of
precaution against disaster.

< Investigation Investigate the potential locations to
cope with disasters.

< Notice Accurately control possible occurring time and
give a declaration.

< Knowledge Information and database as well as expert
decision- making system.

46
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