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Introduction

Talwan is located at the convergent
boundary of the Eurasian Plate and
the Philippine Sea Plate.

China

Eurasian Plate [ 4

Mountain
forest lands

Hillslopes 27.31%

Slopelands 73.30%
Land Resources Distribution
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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
C(1986-2000)

MNorth
Atlantic

South Pacific

¥

‘Lo’ refars to less than one oyclone evary threa years per 0,002 ddf, ‘moderate’ "
batweaean one evary three yvears to one every year per 0,002 dd? and ‘high' to ona Th t f t t - f t h

tothres cyclonas per year par 0.002 dd®. The unit *0.002 square decimal degrea

(dd?) iz eguivalant to 25 km= on the aquator, diminighing as latitude gats e mos req uen reg Ion o yp oons -
highar.

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

South Indian Ocean
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Variation of rainfall pattern

: : Annual rainfall of Taiwan
of Taiwan in last 50 years e P E0 e
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1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 = 04 - W :
Drought 1963 1980 1993 2002 19;5 19.6() 19.6-* 19.'0 19.'-,"\ 19.80 19.8.* 19.9() 19'.9,< 20.0() 2().(),"\ 20-1(
Year 1,830mm 1,605mm  1,645mm 1,572mm v'Rainfall intensity has the

SR PR b ernnannenas > tendency to Strengthen

17 yrs 13 yrs 9yrs Dataresource : WRA 9
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Historic Typhoon Disasters in Taiwan
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1906-Herb D€bFris Flow Disasters in Taiwan

2004-Mindulle
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2. Debris Flow Early Warning System
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| Survey on potential
| debris flow torrents

Delineation of
affected areas

Inventory of
protected objects

Hardware

Debris Flow Disaster
Prevention Framework

‘Disaster analysis

[ Hesessmeii]

Land use
restrictions

Engineering

ddoeqpooq

. Prevent
vulnerability
factors

. Mass energy
transformation

. Diversion

. Suppression wor

. Restrain

Delimitation

Restriction

Announcement

Software
1 Zoning
Residential c-||>1
b Evacuation

Relogatia Rainfall warning 2
! threshold =
Planning t;

Drill Rainfall >

Promotion Threshold

Location
Coordination

Relocation

)

Disaster Info. 9
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Investigation of Potential Debris Flow
Torrents & Landslides

m Potential Debris Flow Torrents

1 : 660 Torrents Potential Debris Historic Landslides
Flow Torrents Distribution

m Landslide Areas :
46,950 ha ‘%’

(] emirmErstm
— EEBRERRAIHE e —
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Investigation of Potential @
Debris Flow Torrents Dil

Risk Degree=Probability X Assured Safety
Low: RISk=46, Mid: 46<Risk<62, High: Risk=62

Factors of Probability

« Valid watershed area - =3 ha

before 921 earthquake(1999) adopted 10 ha
« Rock broken extent —
- Length of fault, slope.x Risk Probability
« Upstream collapse area 1S -

Low

Assured Safety low I

¢ Protected Targets: houses, Assured oo
school, roads, publics, Safety | —
farms.....etc. High | Mid Bzl

¢ Including 10° slope deposit range -
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RiIsk Mapping

Warning Simulation of Debris

Debris Flow Risk Mapping - | DlsaStr COﬂdltlon _

FLO-2D debris flow
Haza.rd. Zone simulation
Definition returné)erlod rainfall
10,100,200 years

hpax>2.5m
(h*v) >2.5m2ls I I

<h <2 :
Med | M<hng<23M | |[p1ax velocity | M pih
1m?/s<(h*v),,,,<2.5 . . Distribut
T Distribution ﬁ

Low| (hv), - <2.5m2ls || (V) | =)
|

| N

FLO-2D Hazard GIS Layers
Analysis module J(Aerial photo,

(hazard distribution) road, bullldlngs)

|
Risk map of
Debris Flow
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v Identification of the Affected Area in the Field

7o check the coverage of 7o evaluate the coverage of
deposition of debris flow debris flowing route -

Real ‘coverage
Post I\/Iora.kpt

o = 2p B
Y 2 & 0w, B 2B ok
B ZERh | ’ b
735 7 % S Tf; ﬁ?fﬁ
REERRE T e — NG
.__%_'_ " |
v'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.
v'Potential hazard area: determined by geology investigation
13

and site reconnaissance.
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Evacuation Routes and Drills for Debris Flow
Volunteer Specialist

Debris Flow Disaster Mitigation

e 947 Evacuation routes planned
* 649 debris flow evacuation drills held
« 1385 Debris Flow Volunteer Specialists

Evacuation Route Map
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Toll-free Hotline

Debris Flow E Operation Task F f SWCB
enris FIow emergency operation 1as orce o
Emergency Response 0800-246-246
during Typhoon Clore L

m Typhoon: Real-time weather conditton
= Rainfall monitoring: Every 10 min
®m Announce: Debris flow warmg

Debris flow information system
http //246.sWolgov. tw
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Localized Rainfall-based
Debris-flow Warning Model

» Rainfall Triggering Index4RTIl) a#razgens
= Rainfall intensityx Effective accumulated rainfall

R, - Effective accumulated rainfatll 10008 : BTI=2000
= Accumulated rainfall - _ "
+ Preceding rainfall fof, 7 days 0:100

| - Rainfall intensity (mmZhr)
RTI,, - RTI at 70%0.0f probability [ = ' -0
that debris flow-occurred . REE=100
Low potential <10%
= The critical accumulated rainfall U pvaaarrans-ranseronar - rons s =ranasrann-/
for evacuation (Rc) is set for _
Rainfall Events N

easier public understanding and

local application 16
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Does the public understand the
warning model?

-« The answer iIs NO.

% People can understandthe accumulated

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

% Weather Bureau reports only the
. accumulated rainfall also.

éotoMore simplified model for the public is
. needed.
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Simplified RTI mode/

The critical RTIl-value involves two parameters (I 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
intensity of 10 mm/hr, and rounded with
50mm as an interval of'the critical
accumulated 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)
8
|

N
o
|

10

T T AL T I\ T
0 100 200 30@00 500

R, (mm)
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Warning criteria Table

Village and (N) : the numbers of

A
debris flow torrents in the village Rainfall station 1
1015 £ 2 % A& 424 Ak 'T 101021557
" EAERE e REAE 54 ¥ 35
w | *A e a;f:aﬁiﬁn?gv e rm1 | Raps2
"N o 4 ,/: TR\ TR
RGN e 2 (1) KELQ) v 00 IR " ,'l( ) .
r "It"t‘afar_ﬂua.-_fﬁ 16 ‘/’ \, _/ SOHFR Ny * i ‘/_'
‘r‘l I“-\ EHA) > #BRHAG) Y X LHA) 5 600 \ 4 I WK
Warning Criteria

Numbers of debris flow torrents in township

19
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Announcement of D@bris Flow
Warning In Tarwan

Predict Rainfall

m Rainfall Threshold for_ SThresfeld

Debris Flow Warning

\
200~600mm i

o (@
“\a\\‘l

N HMJMM

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

Sea & |

a@@phoon alarm
ZI\Y /low warning

Sea typhoon
alarm

"

Real Rainfall
> Threshold

Rainfall
forecast N

Advise Evacuation

Local government
should Advise the
inhabitant to evacuate.

Enforce
Evacuation

Local government should
Enforce the evacuation

of iInhabitants.
20
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Debris Flow Warning

and Evacuation - <
€ During the typhoon Morakot period, aonrdy ﬁm%
the SWCB had issued 21 debris flow 90037 T Ko
warnings to the public and local 'f?&h?ff%ﬁ%%gf 0 g
governments based on the real-time P T hﬁ?ﬁ%ﬁ-‘i”zf
weather information from CWB. ,'ﬁ“?y‘&?fﬁ%ﬁ;ﬁ%}.ﬂ?ovﬁﬁnﬁ
. . ' ’mﬁuﬁl a ¢
stbal‘;ﬁiﬂaw Vr\ga\t/rirrl:gg (i%lft%y Town \| Village ;‘;;ir;; lj.f;:ﬁiff
Red alarm 519 12 61 | 230 ?%D?If@;:;;i;ﬁo,g
r&lﬁvmsﬁ RISEDF033 WDF(}()4
Yellow alarm 338 147 | 58 | 163 m@%&%ﬁm,m%ﬂ%mm’ms
SLANIFE mmmu SHEEDE04S
B DEO0 1L > R(&momr
9,100 people were evacuated by local ez f“D;:’;;Dgg?D?gf’é ;
governments according to the warning. Ll SR
Among them, 1,046 people escaped “;;ﬁfjjﬁ i’fﬂm’

from the possible casualties. “fﬁ‘ fbross
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3. On-site Debris Flow . Observation

22
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17 On-site (fixed) debris flow monitoring station
S
e Information Display

'-»‘:‘.""‘"""':-« S A e SR G ’.

- _ ‘ 1 - & . ,:i‘
Instrumental cabin

Data-processing
Power-Supply
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Field Observation Data
Aiyuzih bride

Debris flow disaster in
Aiyuzih creek, Shenmu
Village after typhoon
Mindulle on July 2, 2004.

Pilotless plane photo(2004/07/12)

o
I

_ & Aerial photo (2002/10)
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Images from Unmanned Aerial Vehicle (UAV)
(Aiyuzih creek)

1996
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Allocation of monitoring instruments
Shenmu debris flow monltorlng station

L o ‘- = {‘\ -"1'-:' = -

=% Hoshe creek %

J:;ki_ >

W|re Sensors g =
& = #Raln gauge

go &

Geophdne ~

Mg

/- Main channel length:-3.81 Km
. # Average slope: 26%
~" Drainage area: 4.1 Km?2

RN
Hﬂusa creek R

- - 4": - ¥
N .a:'“ .

Inirasonic water level meter

CCD camera



_: ﬁ Soil and Water Conservation Bureau (SWCB)

Field observation data

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

120
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Rainfall data in Shenmu station (Aiyuzih
creek) from 07:20 to 17:00 on July 2, 2004

Preceding rainfall

(Ay/ww) Aysusyul [jejurey

Higher wire broke

14 mm/15 hr Sec?nd large-scale 16:41 pm
Peak 10-minute rainfall debris flow 16'41£m /
§) : : 200
~ intensity 5.5 mm ¥
SC/ " 180
. First small-scale 1160 §
Lower wire brokg debris. flow 16:36 p - 140 €
09:16 am 120 3
3 - 100 8
- 80 2
2T 60 S
B )
1 II 0 F
fil x
0 ......nllﬂlll 0 =
o (@) o o o o o o o o o o o o o o 3
S m <.\! m w S B I I O R I =
™~ S 8 dJd 998 93333 88 9s
Debrls row warning _
issued by SWCB 08:40 am Time (hr)
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Characteristics of debris flows form image data

— —

i,

1. Avery low discharge just before the surge e
2. Accumulation of large boulders at debris flow front = = =
3. Wavy surface of debris flows

4. Arapid decrease of the flow depth behind the front F

=

the average velocity of front
surge 13 m/sec

‘the flow depth of the front
surge between 5.5t0 6 m
'maximum particle size about
4to5m

the average flow depth of 2 m
flow duration of about 5
minutes

29
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Ground vibration generated by debris flow

tt 4 —( L)

IR

Ground
Vibration

~_Sensor

)
“x B (i)
X
o

=

-~

Rt (i)

» Duringthe debris flows, one can
hear aroaring sound and
experience ground vibration (or
so/called underground sound).

». — New way for early warning of
debris flows occurrence.
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Second large-scale debris flow
detected by geophone

£
\=J
2z C
(&)
= Peak 20.Hz
- 102027 o
93 [ S

-4 T T T T 17 T 17T | T 17 T 1T % E I';l: ".'!"i!{' % (\m@

16:41 16:42 163 § ';,::;lll'
a '§ 0] 1/[,«;,"» = ,, ,,, l <>

3 llliilll' "»“‘ e i
56005 Lo "14::' Q@ .
: 8 <y
—~ 4e-005 — S <55 ‘oto:«::%,%é%
S 3e-005 e
S 20005 Ground vibration at 16:41, July
5 o 2, 2004 ( X axis)
Within 250Kz (a) time domain signals
0 | (b) spectrum of FFT
50 100 150 200 250

b < > (c) spectrum of GT 31

Frequency (Hz)



".9 Soil and Water Conservation Bureau (SWCB)
4

Deployment of serial geophones

— In order to estimate the velocity |- rodrchec f00m Jos
of debris flow front surge, the ‘
geophones are deployed along _
the riverbank serially. Channp

banks e TT] .fl»‘ m
....... \\\\\‘ Debris

Check dam/
....... Figurc 2. The detectors (S1, S2, S3 and S4) w
s = T ere placed 100 meters from each other along the right baak of a
55 fl OWS Sraught reach of the torrant. ;

0l
.....
N7 I'-.I.'.-

' i 0 T (Italy : M.Arattano, 2003)

100 m

o O : = J Z
Geophone 1 v
GS20-DX, 3-Directions Geophone 2 °_ .+ 0 Y
Measuring Frequency : 8 to 1500 Hz Geophone 3 )
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\' @ vBéIocity of debris flow front surge

A )

0.06

| Downstream ' 16:41:57
00a — geophone

Peak amplitude of
| accumulation energy

O T T T T I | T T
16:42 16:42 16:43
Time (mMin)

' E:Accumulation energy

V:Velocity amplitude

dt:0.25 sec

' 173 m
13 sec

Quulative energy per second ((amYs)’)
|

VvV =13.3 m/s

-+ Midstream  ~— 16-:41:44
4+ — geophone

Qumuative erergy per ssood ((cr‘ds)z)
|

L Peak amplitude of
i accumulation energy
° T T T
16:41 16:42 16:43

Time (Min)



g J Soil and Water Conservation Bureau, Taiwan

Monitoring Results — shenmu Station 2009

CCD image (front view) CCD image (sideview) of

of Aiyuzi downstream Aiyuzi upper stream VeIOC|ty

B 50m/3sec=17m/s

A
R \"”‘"‘m e - = Geophone signal after wavelet
EACCUMUIatIvVe . ~ .
cainfall: 1500mm 1 : transform (8/8 16:56 _17.00) ;
= Max. hourly | : midstream
rainfall: 82mm T o -
g s f E 1000% . JJ .
| | | M downstream

0 N O N O L R R T

D O D
oS S5 S oSS B o q}&\ > qui xfx@x@\@@@ @"’@"@\f‘f‘f ffgi’,\f\,@p

MWW,&%@%@@@@@@@ 173m / 10sec =17m/s 34
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3 Mobile debris flow monitoring station (since 2004)

CCD camera
Spotllgh

_..H

Spectrum analyzess
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Real time monitoring of dammed lake
(4 million n? of water storage) July 23, 2006

Lung-Chuen stream, Taitung County (eastern Taiwan)
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14 Grid debris flow njonitoring station (since 2010)

%\

CCD camera

Rain gauge

.
\)
- Data logger

s e - and battery

Geophone _ _
Soil moisture probe,
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4. Challenges and Future Perspective

38
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vDamage of Calamity
Caused by Typhoon Morakot (Aug 6-10, 2009)

B Max. accumulated rainfall (Aug 6-10, 2009): 3059.5mm.
B Coverage area of total rainfall =2000mm: 320,000km?.

B Total new landslides: 39,492 ha. -
B Evacuate and withdraw: 24,950 people. S W5
B Casualty and missing: 757 people "“‘fw
W Total damage: 90.45 billion NTD(3 biffion USD, 0.67% GDP) ‘_'J, A

Landslide ﬂ ;N: <



Debris Flow Disaster in Taitung County

Landslide area : 8 ha Accumulated rainfall
1,383 mm

Maximum rainfall

Rainfall threshold of intensity 100 mm/hr
warning 350 mm

e

e

Sediments 300,000 m3 ™" .. 15 houses-buried

Wt . -




Engineering Construction Design

Artificial Vegetation Debris Flow | = %
Recovery Monitoring station .
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Does the Slit Dam
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Recent Typhoon Washi in Philippines, Dec 2011

B Accumulated rainfall : 181 mm within 24 hr
B Casualty : 652, Missing : over 900 people
B It were not frequent to have typhoon disasters in southern Philippines

B National disaster response department issued the warning to the

people in southern Philippines 3 days before the attack, but the local
residents did not pay much attentiono\t.

EXNETE O O]
! ll.‘.l .
A

X
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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.

Disaster over the
hardwatgeprotection limit

Hardware e gy
protection limit ~——X" Rt
S -‘.;i;.-i\ |
I e WEEEEEE B e I — -
Disaster
scale
< Hardware
——— Software
I@« ---- % . - - - _
High frequency Low frequenc
small scale large gcale 4 Hardware & software

(@ p P A% L2 Fas o 200844
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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 disastets.

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

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

&

®
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®

®
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