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1. Background
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Introduction

Taiwan iIs located at the convergent
China boundary of the Eurasian Plate and

the Philippine Sea Plate.
“ii»lTwan

Philippines

Mountain , Plains 26.70%
orest lands 46.992

Hillslopes 27.31%

Slopelands 73.30%
Land Resources Distribution
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Climate Change Impact
@ Temperature increases about 1.4 C 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)

s-.::&'\
% North

: ) Atlantic

MNaorth East Pacific

South Paclfic

¥

w
‘Lo’ refars to less than one cyclons evary thres years pear 0,002 dd®, ‘moderate’ /
batwean one evary three years to one evary year per 0.002 dd? and 'high' to one

ta three cyclones per year per 0.002 dd?. The unit ‘0.002 square decimal dearee | [1€ N OSTt frequent region of typhoonsl

{cdd?) iz equivalent to 25 km*® on the equator, diminishing as latitude gats
highear.
* average based on eight years onily. Sources: PREVIEW Global Cyclone Asymmetric Windspeed Profile, UNEP/GRID-Europe.

South Indlan Ocean
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PaC|f|c typhoon tracks 1980-2005
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Graph from: Wikipedia



-----

Talwan -

Relatively High Vulnerability In the World

B World Bank (2005) : Natural Disaster Hotspots
- A Global Risk Analysis
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Debris Flow Disasters in Taiwan
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2008/11

Compound hazards
at Xiao-lin Village, Chia-xien,
Kaohsiung County:

%, Flooding

L Shallow landslide

% Debris flow

Y Deep landslide

Y Landslide barrier da
Y Dam bursting

2009/8

=Dead and missing: 457 people

= Rainfall accumulated: 2,076mm

=landslide coverage area: 350 ha

=Sediment yield of
Landslide:9.5x105m?
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2. Disaster Preparedness,
Emergency Response and
Post-Disaster Recovery

10
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Debris Flow Disaster Management
Hazard Response and Prediction

Mitigation Hazard
>

ommunity Safety:-
Oriented &
Zero Casualty

Loca 0 G

Disaster Contingency
Recovery M Response

11
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~ Investigation of Potential Debris Flow
Torrents & Landslides

m Potential Debris Flow Torrents
1,660 Torrents Potential Debris Historic Landslides

. ALY U L Distribution
m Landslide Areas

58,944 ha .
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Investigation & Evaluation of Vulnerability

of Village

v Village-based Investigation

= Village-based investigation to delimit
the coverage of all types of hazard.

= The hazard of village often take
place on different topographical
Interface.

v Vulnerability Factors

m Types of Hazard:

> Valley-wise: Debris Flow
> Slope-wise: Landslide
> River Terrace: Erosion

v Influential Area Estimate
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v Vulnerability Factor of Debris Flow

To check the coverage of To evaluate the coverage of
deposition of debris flow __debris flowin
(o A N PR

Real co erage
Post Mqrakot
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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
and site reconnaissance.

14
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Evacuation Routes and Drills for

Debris Flow

Debris Flow Disaster Mitigation \olunteer Specialist

e 662 Evacuation routes planned
» 600 debris flow evacuation drills held
» 1336 Debris Flow Volunteer Specialists

Evacuation Route Map

Location of Evacuation Projects
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Debris Flow Disaster Prevention in Education
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Localized Rainfall-based

Debris-flow Warning Model

> Rainfall Triggering Index (RTI)
= Rainfall intensity X Effective accumulated rainfall

. debris flow occurred
R, : Effective accumulated rainfall 1%

= Accumulated rainfall =
Preceding rainfall for 7 days n:mo& - R _’6_ S2RTT,,
I :Rainfall intensity (mm/hr) *Mediyr gqfegtlaxjxxlxg‘lfg“%q O
RTI,, . RTI at 70% of probability b ————— ; RIL,
that debris flow occurred . RII=190

Cowrpetentall<i0%

= The critical accumulated rainfall
for evacuation (Rc) is set for
easier public understanding and Rainfall Events N

local application 17
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Announce of Debris Flow Warning
in Tarwan

mRainfall Threshold for Predict Rainfall Real Rainfall
200 600mm ° @ne
~ Ul
-30hr.  -18hr. -12hr. el MHHHHHHHHHHHHHN Mﬂmﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂmw
Sea typhoon Sea & land typhoon alarm
alarm Yellow warning V(RG]
B T g
forecast N
: - Enforce
Advise Evacuation Evacuation
Local government Local government
should Advise the should Enforcethe

Inhabitants evacuation. inhabitants evacuation8.
1
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Toll-free Hotline

Debris Flow Emergency Operation Center of SWCB

Emergency Response
during Typhoon

Rainfall monitoring: Every 10 min.
Typhoon: Cloud satellite image
Announce: Debris Flow Warning
Inform emergency messengers

Heavy equipments standby at
dangerous areas

2008/05/14 07.00:0 K _
v/ T3"00:00 ~ 9714 07700 T

ﬁ?ﬁ—ﬁil:l m:"!:_— tel ; = L) i FEWE  EUAR --
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Application of Smartphone =
(APPs for iOS & Android system) o _f“ i e
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BiltmAiEE A
altmmEE BEE
GitmPLE XKE
Bl HIEE
it T HE
giltHmRKEE KEE
Frdbmiv L&

Realtime information -
& Rainfall

%, Satellite image
Y Announce of Debris
G
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Flow Warning
Data of debris flow
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It lets residents easily P

know when to evacuate, |
and helps government il

- o PEE 5%
to making  decision .

anywher e T BR
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GIJ\EI%FEE 9.0 mm
24/NEFFIER : 38.5 mm

333333 9 9

TR E M EREE : 250 mm
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Debris Flow Warning

and Evacuation T
€ During the typhoon Morakot period, -,;"“3: 3 ““‘;’ﬁ“
. 5 i ST REDENG 3
the SWCB had issued 21 debris flow Do g 85 g
warnings to the public and local ﬂfm“qﬁw%“; Yo
LR REELED = A3 'i'
_ T, *qﬂ.!frmmﬁ 2
governments based on the real-time L et 0N g
weather information from CWB. | _'.‘j“ﬁ%"muw SR D!
s ~;;----— _.'. f%li-[:]"l"'?. "o
; . a
Debris flow Warning | County : e '
warning e (City) Town | Village hﬂufib{
BRDEM) = ?"ﬁﬁmum f
Red alarm 519 12 | 61 | 230 ;;%mmmm 7
3 #%RDFQ33 | | RREDEOD4
145 " r
Yellow alarm | 338 | 14 | 58 | 163 | MER“T DF;J‘?‘%';T*;“@WWM
.:ﬁDFﬂL" Cili i]:J-F'I!I 13“@3!"”‘?:1?“[}1:[:4;'
TNy B Rl R ﬁﬁ]}l:ﬂ“l R
9,100 people were evacuated by local ﬁmm{ﬁﬁ“g;;;gnmnm
governments according to the warning. DR B0 w gbroot
Among them, 1,046 people escaped ﬁg;‘;’;,;q g
from the possible casualties. AR,

u‘:, R EEDEOS
e



------

SO|I and Water Conservation Bureau, Taiwan

Successful Evacuation
Shinshan village, Nantou County

Although 21 houses were destroyed by flash flood and
debris flows, the village head Ms. Mei-Ling Lin (also
the debris flow volunteer specialist) successfully
evacuated 135 villagers according to the red alarm
issued by the COA (SWCB). No one got hurt. At least _
63 people escaped from the possible casualties. &G
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3. Identification and Zoning of
Potential Debris Flow Torrent

23
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v' DEBRIS FLOW

Water and mixture of sand, gravel, cobbles
and boulders, driven by gravity

Look just like ready-mixed
concrete

¢ Debrisflow: natural phenomenon

¢ The phenomenon could not be
eliminated

¢ Only when hazard likely to occurred
that mitigation should apply

< Still long way for accur ate for ecast
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Conditions of debris flow triggering

EEERT | Danger zones

Water and mixture L anddide area

of sand, gravd,
Cobb|esagnd Torrent banks
boulders, driven by

ravit Alluvial fan

Signs of debris flow

v’ Strange humming in the
mountains (Listen)

v Extremely muddy (Visual)

v"Water level sudden decrease
(Visual)

v Stinky smells (Smell)

v Ground vibration

(Feel)
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Characteristic of debris flow

AL klalt

“*High velocity (2~20m/s), high impact force.

‘*Head with boulder front, followed by hyper-
concentrated flow.

“*Larger size at top, smaller size at bottom

** Initiation area mostly
at slope above 15~30
deposition area 3~6  Somions.  of iarge grains 5
***Alluvial fan formed at
torrent exit, gentle
slope area.

Recirculation
of large grains

26
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Types of debris flow

“*Mud flow: 2~20m/sec (72km/hr)
“**Granular flow : 3~10m/sec (36km/hr)

Granular flow
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Development of Debris Flow System

v'Initiation zone: Steep slope failure in the headwall or
side slope of a gully or stream channel. Mostly for ms a
V-shape,; the vegetation around often appear sparse, for
a large amount of landslide fragments accumulate he  re.

v'Transit zone: U-shape, usually
located in the valley or the middle
and lower reaches of the river, and
there are debris that collapsed
from both side of the valley on the
riverbank.

v'Deposition zone : Once the flow
reaches a flatter or less confined ‘
area, it will spread out, lose speed O haw from Weber, 1964)
and deposit. 28
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Exam
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v Distribution of debris flow torrents

I 2010 (1578)
250 W 2009 (1552)
219 229 [0 2008 (1503)
0 . | [ 2001 (1420)
E 200 01999 (722)
= [ 1996 (485)
o 163 164
o 163 10
2 150 . 165 160
Y
@
| -
8 100
&
>
= 50
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Procedure of identify potential debris
flow torrents

+ Debris flow investigation and analysis
procedure:

%, New ones: Not yet public torrents but with
debris flow hazards.

Y, Update: For torrents already public, request
for adjustment of potential information.

+ Investigation request:

% Central government: Bureaus or agencies
could provide the debris flow hazard
locations.

%, Local government: Sign up at SWCB website
for providing the location of debris flow
hazards.

32
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Procedure of identify potential debris flow torrents

p
S Debris flow hazard location
tart Township (village head) report the location
o
~~ |
Phase I: ( e — ) (

R 't f d Local government preliminary investigate | To swca branch office
-equest- O{- 2 Accompany by local government or other agencies % - (Engineering method)
Investigation 9 ) 2\

N | 5 N
Phase Il SWCB field investigation
SWCB conduct field SWCB conducted field investigation with = To other agencies
. ) ) experts, local government, village heads and e
Investigation branch office personnel &
e /
N~ ! i
4 : » ) 4 )
Phase III: Committee for result certificate
Committee to SWCB held committee which consisted =—> To other agencies
. . experts and local government personnel e
review and Certn’y to decide if the torrent should be enlisted %
0 J 2 L J
~ ~ ”Approved

Information public and local governments were requested to establish

residential list )
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Requirements of potential debris flow torrent (1/3)

[ Phase |
Location 1. Central government Include the resident houses,
22 Qe S ----| public facilities that might be
! threaten by debris flow
+— [ ) 1
é | Exposures J- = -
S [ _ ) Effective watershed area
E | Torrent terrain J o[- greater than 3 Ha (torrent slope
L N greater than 10 )
@ 4 T R
S § Historical hazard |- - e _ .
= = ¢ J I Remote sensing image interpretation or
N & : 2 | | historical hazard reports had identified
SIS Geologlcal. e that sediment hazards within the
& | \Uhazard potential | watershed
:
|
Fulfill the conditions and confirm ; Information from Central
if the exposures were threaten. :_ __ | Geological Survey suggest
Remove if exposures were not certain geology hazard potential
within possible inundation area within the watershed
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Requirements of potential debris flow torrent (2/3)

[ Phase |

+ Include the residential houses,
public facilities that might be
threaten by debris flow

+ Buildings consider as resident
house

Y With address plate

& With utilities and inhabitantsf® 8
(from the fact of residential)

+ Buildings NOT include

& Local temples (no residential
area)

Y, Warehouse or temporarily

rest lo
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Requirements of potential debris flow torrent (3/3)
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[ Phase Il ]

Field investigation
SOP

Procedures
established by
SWCB and refined
regularly.

¥

Accompany by
experts, local
government and
SWCB personnel,
conduct
investigation,
measurements and
fill the form.

(aunpaooid uonebisanul piai4 GOMS) Il 8Seud

START

(after complete of Phase |)

Preparation

Equipment Preparation
- Camera + GPS - Notebook
- Laser range finder
- A4 Printer

Contact SWCB and others
1.Bureau and branch offices
2.L.ocal government officials and
village head
3.Project leader
4 Experts (Professional
Engineering or Professor)

( Traffic information )

Data Preparation
1.Up-to-date debris flow torrents GIS
2.Terrain map (1/25,000)
3.Administrative division map (1/50,000)
4.Geological map (1/50,000)
5.Aerial photo
6.Satellite images
7.River basin map and catchment layer
8.Debris flow historical hazard report
9.Data base of debris flow torrents
10.Form sheets
11.Report sheet of local governments
for debris flow hazard
12.Up-to-date landslide GIS layer

atershed area
greater than 3 Ha

method agencies

To engineering

Field investigation

@verﬂow point and affected area zoning)

C Fill-up form sheets

C Confirm historical hazard area

gathering

] ( Consequence factors information j

C Suggest warning sign location

Hazard potential factors information
) gathering

Debris flow hazard

YES

File and monitoring

37
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- Form sheets of potential debris flow torrents basic
Information

Basic information Affected area
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Affected area zoning

B The apex of the affected area was selected at valley  exit or overflew

point with 105 degree fan area , the runout-distance (radius of the fan)
was calculated by Takahashi equation.

B Eliminate the un-passable areas, for example if bank s were 10~12m
higher than channel.

B T

Hiroshi equation
Log(L) =0.42 Log(V tan )+ 0.935
V 70,992 A0-61  (Hsieh, 2000)

L=run out distance (m)

A=watershed area (km?)
=Slope of torrent

V=estimated debris volume (m3)

39
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Valley exit

T
Slope changing l

~ Residential
house:: o050

O
Overflow point 0 :
m [] H [] BDO1
v openlng X - 229478 M100-51 M DF10DSC00485
Y 2654768 -
v Obstacle o, F = 0 =
v Bending point =
v
v

Ovlw point a
begin of opening

| in-Lia ri
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Potential analysis of debris flow

torrem-ts[

v Risk matrix of SWCB assessment

method
1.Consequence (2009)
2.Hazard (2008)

3. Treatment priority assessmen

|1l ©seyd

)

t

jep

(eanIwwo9 |eacsdde pue sjeole0 e

Treatment priority assessment risk matrix
(2009)
Hazard
Priority
Low Medium High
Low Low Low Medium
Conse- Mediu | o | Medium
quence m
High | Medm

START I

(after completion of Phase II)
v
Draft report of potential debris flow torrent

[ Zoning of ] [Hazard potential scoring and
affected area treatment priority

Data base of
potential debris
flow torrents
(draft)

Consequence factor

[Residential housej : L
scoring and classification

N\
I
I
I

L
\ —— —
| | ( Building
I . |CConsequence scoring Transportation
| Bpf! ‘
(=271 =1
| f 2 CBD | v Landslide scale
| o ® 2 I
| @ <31> B | .—Slope
o S o - . .
l3~8, Hazard potential scoring
~—
: < Geology
|
\_ g
ﬁ - Frame, legend, compass,
coordinate system
l" - _i_\l Locatlor! map of potentia Debris flow torrent Iayer)
2352 debris flow torrent ; : :
| 2g ‘§)| Debris flow inundation area)
| 5383 i
28837 Color aerial photo
| Sa g =l
ERER- 9|
I 3528
=)
l 33 ;: Delete from debris flow torrent
I =3%
~— 2
[— - E_ ':I Completion of data certificate and approval
o
:3 g 8| C Official numbering of torrents )
2 o by
|% 2 (gl ( Information preserved in data base )
25E 5
5583 !
=57 5
|a % gl Data base update
l © B,
— v 7

41

END
(public by Debris Flow Hazard Information Public Act)
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Potential analysis of debris flow

torrents

v Hazard potential analysis
1. Landslide scale
2. Slope
3. Boulder size
4. Geology

5. Vegetation

v The summation of 5 factors
become hazard potential

Hazard potential factors table

score
Hazard Score
potential
2008 High 62
version
Medium 46< X <62
Low 46

Factor Classification Score
Massive (landslide ratio 5%) 25
Landslide Minor (1%< landslide ratio 15
scale (25) <5%)
9 Non-significant ( 1%) 5
[ Source area slope > 100% 25
Slope of
source area Slope between 60%~100% 15
(25)
\ Slope smaller than 60% 5 Yy
7 N
/ Average size > 30cm 20
Boulder size Between 8cm~30cm 13
(20) Smaller than 8cm
\ Non-significant <
4 Type I (A, D, F Geology zones) 15
Geology (15) Type II (C, E Geology zones) 15

; Type III (B, G Geology zones) 5 :
Bared with rock falls 15

Vegetation Less vegetation 15
(15) Medium vegetation
\ Dense forest y

Summation of hazard potential factors
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. Potential analysis of debris flow
torrents

Consequence factor scoring

for torrents with exposures Factor Classification

Consequence factors score

1. Buildin g Public buildings related with
hazard mitigation
2. Tra ns po rta tio n (Residential house) >5 60
Engineering effectiveness as (Residential house) 1~4 %
weighting QREe 0 _J
. Bridge 35
Summation of all factors for ond 20
consequence factors scoring None 0
Maximum scores 100
Consequence Score None or improvement required 1)
Good 0.8
200_9 60 Fine or no improvement 0.6
version reauired - A
40< X <60 Result of consequence factors scoring
(Building+Transportation) x Weighting
40 43
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Potential analysis of debris flow
torrents

: Treatment priority assessment risk matrix
Scoring Result prio™y
Hazard l
Priority
Low Medium High
Low Low Low Medium
Conse- Medi Low Medium
quence | um

Hazard potential factors and scores Consequence factors scores o e ‘ —

PR Resident house:1~4 (1)
Torrent type [Creek Building Public building: 0 30
Geology D (Sedimentary rock) | 15 | Transportation Eg‘;ﬂ?gzs 35
SlOpe of source o o Engineering Engineering treatment: Yes
area 60%~120% 15 | effectiveness |erectveness: cood 0.8
: :  |None-significant
Landslide ratio (0.97%) 5
Boulder size |Average size 8~30cm | 13
Vegetation |Scattered 6
Summation 54 Summation 52
Classification Medium Classification Medium

Treatment priority (from Risk Matrix)

Treatment Priority Medium
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4. Future Development
and Perspective

45
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" Restrictions of Rainfall-based Debris-flow
Warning Model & Solutions Thinking

Restriction A.
Debris flow events are not enough:
1. Establishment of debris flow events database.
2. Deployment of debris flow monitoring systems.

3. Correlation analysis between physiographical factors
and rainfall-baséd debris flow warning criteria.

Restriction B.

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

2. Distribute DIY rain gauges to local residents

Restriction C.

Uncertainty of the sequel rainfall:

1.Taking the QPESUMS rainfall prediction into

consideration when issuing the debris flow warning
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Watershed-oriented Monitoring Network

m Point=>Line=»Plane: extended
to upper stream and the
source of debris, considering
a whole watershed.

m Combining on-site, mobile,
and grid stations.

m Integrating data from
different agencies.

Emergency Opeti ehter47
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17 On-site (fixed) debris flow monitoring station
e
= Information Display

_— Geophon Instrumental cabin
wm “’& ' Data-processing
Power-Supply
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Monitoring Results — shenmu Station 2009

CCD image (front view) CCD image (sideview) of
of Aiyuzi downstream Ailyuzi upper stream

Velocity

50m/3sec=17m/s

mGeophone signal after wavelet
transform (8/8 16:56~17:00)

= Accumulative
rainfall: 1500mm

m Max. hourly

ralnfall 82mm

1 j ‘ mldstream
1 1200g fom e
T IOOOM_E,L . y

7 600

: 800% I;I;_:_“-- 1osec e

1= ™ l‘dhlmi‘ downstream

0 : o ] EM  ADE TEE  CABN MRS MG 1IEd  IEE O IMES WED WK MED OO TRE

D
(ﬁ@@@@ﬁﬁﬁ@@%%ﬁxﬁgﬁﬁﬁ@@@@ﬁg&@@@ﬁﬁ@@@
NI S

S @;&&@ S A PSS S S S
Eijf

%\‘b S
PSS 173m / 10sec —17mls 49
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3 Mobile debris flow monitoring station (since 2004)

A4 CCD camera
& Spotlight

Spectrum analyzeaso

Battery sets
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14 Grid debrls flow monltorlng station since 2010)

CCD camera

Rain gauge

a((ﬁ»

V//

4

Data logger
"and battery

Geophone

Soil moisture probe,
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Unmanned Aerial Vehicle (UAV )
to Collect and Analyze Disaster Information

Aerial Photd__Zﬁbl.- Mo
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" Apply QPESUMS for Rainfall Estimate

¢ Forecast 1 and 3 hour rainfall

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

¢ Assess the timing of warning declaration  pe=smmmsm

Cooperation with NOAA,
Water Resources A quncy &
Central Weather Bureau

I

=] s & 3 B
(L) b 2 o 3

CorrT ]

BERERN .1

ek
E i AR EER RS E RrARA B R E P

=" | Forecast rainfall

Spatial resolution .1.3km Data reception Analvsis Application
Time resolution . 10min 53
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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
hardware protection limit

Hardware e R A
protection limit S~—— ‘ ,u*__”#_,)]
R T l“’--—--—r-hi____ ” _',«-""‘_'_'_“"m.,‘
e e e ] A
Disaster
scale
e
Iu ,,,,, o Softwar Hardware
= - -- %ﬁ?_ﬁ;
\.._________,,..-"" """ meEeEEEEY TeEEeaeRERnes
High frequency Low frequenc
small scale large an,e y Hardware & software

( 2008)24
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e Integration of Debris Flow Disaster
? Mitigation & Rural Regeneration
A

r

In Hua-shan, Ku-keng, Yunlin

A Debris flow outdoor classroom
established after debris flow mitigation

Post Typhoon Nari, 2001

Villagers participation
Community Empowerment.

L=
B5%

Debris flow monitoring
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Debris Flow Disaster Mitigation with
Integrated Rural Development

AHEYENER
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