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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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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 (after 2001)

Average number of cyclones: low moderate - high
(1980-2000)

Narih
Atlaniic

North East Pacific

Taiwan

South Pacific

South indian Ocean

‘Low' refers to less than one cyclone every thres years per 0.002 dcf, 'moderate’
batwaan one evary three years to one avery yaar per 0.002 dd? and ‘high'to ona

foth o 0.002 dd®, The unit ‘0.002 decimal de A &
(chity 1 aquivaiant 1 25 ke on the squator, aiminisning as mnae e A NE Of the regions suffered from typhoons
higher.

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

: : Average annual rainfall in
of Taiwan in the past 50 years the past 50 years
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Historic Typhoon Disasters in Taiwan
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R Debris Flow Disasters in Talwan

-2001-Toraji
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Council of Agriculture
Soil & Water Conservation Bureau

. = Total personnel : 537
Organlzathn Chart Annual Budget : 8.6 billion NTD
Director-General

Deputy Director-General
Chief Secretary

Planning Division 3 Sections
Watershed Conservation Divisiorn 4 Sections
Rural Regeneration Division 4 Sections

5 ::';6th

lfj.ﬁalian

Monitoring & Management Divisiorng4 Sections

Debris Flow Disaster Prevention CenterNE=

Secretariat
Personnel Office
Accounting Office
Government Ethics Office

6 Regional Branches
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2. Framework of Debris Flow Disaster
Management



Debris flow event caused by typhoon
Nanmadol in August, 2011(

Source area
Landslides

- "‘F.—_— = -T-?;“ = -

Transportation part
Channel erosion

Deposition(fan) zone
Affected area

{
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Potential debris Where?
flow torrents

1,671 Debris Flow Disaster
Torrents
Delineation of Management Framework
affected areas i
How big (far) ?
48,496 Inventory of
People protected targets ‘Disaster analysis
Software
Hardware }
o [ < > l Monitoring
@ { . system
Q - : When? a1
o . : Land use |Residential . ®
g Engineering restrictions | Relocation Evacuation Rainfall warning 8
F Y 1 model g‘
; 0
Planning 1 F Y
Drill Rainfall >
. Prevent Promotion Threshold

vulnerability Delimitation

factors
. Mass energy
transformation
. Diversion
. Suppression work
. Restrain

Announcement

Restriction

Location
Coordination

Relocation

Warning

Evacuation

Disaster Info. 1
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Investigation of Potential

Debris Flow

orrents

Risk Degree=0Occurrence degree X
Degree of hazards on protected targets

Occurrence Degree

¢ Watershed area, landslide ratio,
drainage slope, sedimentation
amount, geological structure,
vegetation, historical events

¢ Downstream
Protected Targets fan areas

¢ People, living houses, public

buildings, roads, bridges, other

Infrastructures

A.

aster

Risk Degree

Occurrence

Low

Mid

High

Protected
Targets

Low

Low

Low

Mid

Low

High

Mid

Mid

Mid Rgllels
High High
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- Distribution of 1671 Potential Debris Flow Torrents

Affected area zoning using
historic events, semi empirical formula,
FLO-2D simulation and on-site survey
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“Localized Rainfall-based Debris-flow Warning Model

» Rainfall Triggering Index (RTI)

Rainfall intensity > Effective accumulated rainfall

7
RTI=1xR, NSO

X debris flow do not occurred
O debris flow occurred

—~ 100009
- High potential >90%
a is the decaying o 10008 o u
weighting factor = 0.7 Med e
SN o0e] ) o ko L XX *X R
R potential 1%, ¢ ws s xR ax,
| Rainfall intensity (mm/hr) 10%~90% ke x * S x ™ " x < % *
RTl,, 70% RTI value as the debris flow x "Rl
warning criteria ' Low potential <10%
R, Effective accumulated rainfall (mm) 0+~ FemB=ReES
0 10 20 30 40 50 60 70 80 90

Accumulated rainfall
Preceding rainfall for 7 days

Rainfall Events N
14



%w Soil and Water Conservation Bureau (SWCB)

Announcement of Debris Flow
Warning in Taiwan

m Rainfall Threshold for Predict rainfall Real rainfall
Debris Flow Warning : Threshold d\“‘a\\ Threshold
200 600mm e Y
ol
-30hr. -18hr. -12hr. PO g ‘

Sea & land typhoon alarm

Sea typhoon
alarm Yellow Warning
Rainfall i
s
Persuasive Enforced

Local government should | Eyacuation Evacuation
Advise the inhabitants
to evacuate. Local government should Force

the inhabitants to evacuate. e
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Debris Flow Emergency
Operation Task Force of SWCB

http://fema.swcb.gov.tw

= Real-time weather condition:
typhoon route and rainfall
prediction

= Real-time rainfall data over
368 on-site auto-rain-gauges:
refresh every 10 min

m Debris flow warning
announcement

Traditional: TV news, radio
broadcast, website, telephone,
Auto-system: email sender, %
on-line fax, voice broadcast -
and short message service

7722 0000 ~ 7/22 01:00

dfr i

-----
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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
» 1387 Debris Flow Volunteer Specialists

Evacuation Route Map
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Debris Flow Warning .
and Evacuation f ,,;m
€ During the typhoon Morakot period S RDK ‘3‘. il *"t!*ﬂ'ﬁ*
(2009), the SWCB had issued 21 b ik
debris flow warnings to the public and --"?fféilﬂ}fﬂfiﬁfﬁfﬁﬁl P
local governments based on the real- JT B DFos ;mﬂﬁﬂfﬂi”;}
time weather information from CWB. | ,'*;“?"m?“n;:; E{;ﬁmm (DR
: _ - T:;-ﬁ A E :.l]
g || Gy | o || S
Red alarm 519 | 12 | 61 | 230 | [ SNEECCaE &
R ERDF(33 .W;Fmrr:r:-i
Yellow alarm 338 14 58 | 163 ';I.muﬁnﬁ f}i%"&rfﬁ#ému:m
S B DF2S * ﬁ'ﬁT"FF'I'ﬂ-I rq;ﬁmmﬁ
B TR0 < Eﬁiﬂ!-""l-"hll‘
9,100 people were evacuated by local " DO f“f{,’;,‘;;;]ggaﬁﬁlﬂ’?
governments according to the warning. 'W“”*E * mmpros:
Among them, 1,046 people escaped ﬁ;;‘;;,; ?f{’“”

from the possible casualties. S ok
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3. Debris Flow Control Works In
Hwashan Village after Disasters

19



Potential debris flow torrent
Yunlin-DF002 (Huashan creek)

length 2.49km
slope 14.3 degrees
Catchment area 90 ha

R
il . 4
".."I.lit al - ‘i'li-:i
le e AR = ‘[i-..,: O et
\ | . 22 A AN
N\ e wix ¢ = " omt L
‘_\ H.,. "-\ -L\-\.l‘l‘ ?-' ) .
kl' \‘I\ J'.] k'-. | .h'n—- A "'.
, h .I ;.“.‘
i ™. . . - " ili‘*
a8 BN o aad! 2 W : b
*‘f ‘. i - 1 i
, "
" RN ‘ QHDF‘QUZ 5 §
' XA “Tuge

Hwashan village, Gukeng township, Yunlin County

NE
th
i

Mot HRER
ThiYERR

2611000

$

. J

. o 2610000

B s

" - '*, 3
S el i At "

TRy HRRAREANA LM

B T CEELET

ThiRESRAENES



w Soil and Water Conservation Bureau (SWCB)

Protected Targets in Hwashan Village

* 50 houses

e Infrastructures
elementary school,
walking trails
roads
bridges
temples
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Historic Disasters in Hwashan Creek(Yunlin-DF002)

Sep. 21, 1999 Ji-Ji earthquake(M=7.3) _
Serious landslides occurred in upstream areas and resulted in
a lot of loose materials accumulated in Hwashan creek.

June 25, 2000 Torrential rainfall (accumulated rainfall 2104mm)
Small-scale debris flow occurred in Hwashan creek and
damaged several houses and roads along the river.

Sep. 17, 2001 Typhoon Nari (accumulated rainfall 848mm)

Large-scale debris flow occurred in Hwashan creek again.
About 60,000 m3 sediments flushed to the downstream areas

and buried tens of houses and roads.
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Source treatment in upstream landslide areas

Government hireglocal residentsito. | %5~ Paling with areca stéms
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Channel dredging and cleanout
To prevent the blockage of the creek
from overflow

Serial check dams

To adjust channel gradient as well we
to slow down the water and debris
flow velocity for erosion reduction
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Slit dam(permeable & open type)

The purpose of slit dam is to block big

boulders. Small sediments can pass

by the dam in order to maintain the

normal sediments transportation.

Used tire
Take advantage of used tires to
protect the upstream side of the dams

Grid-type steel-dam
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Eco-friendly Design

Economy
Use the debris flow materials to build rockery bank revetment
to reduce the concrete amount economically.

Ecology
Mild slope, rough and porous surface design of the bank
revetments in order to enrich the biological diversity .




' Deplpyment of debris flow control works g
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Evacuation Route Maps of Hwashan village
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Demonstration and workshop of debris
flow disaster mitigation in Hwashan village
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a_':}ﬁ_én Village during Typhoon Morakot, 2009

On August 2009, typhoon Morakot brought torrential rain (accumulated
rainfall 1,357mm) to Hwashan area and caused.3 landslides- in the
Hwashan creek catchment. About 120,000 m3 debris>-flow sediments
flushed to the downstream area and piled in the main channel.
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Successful Evacuation during Typhoon
Morakot in Hwashan Village

1st evacuation (Aug. 9)

The SWCB issued debris flow red warning at 11:00 on Aug. 8. The
village head and Mr. Wu(debris flow volunteer specialist) kept an
eye on the flow condition in Hwashan creek. The water level
Increased in the early morning on Aug. 9, they called the
residents and helped the villagers evacuate to shelters
successfully.

2nd evacuation (Aug. 11)

The torrential rain occurred in the morning on Aug. 11, so village
head and Mr. Wu again evacuated the residents in Hwashan
village automatically. No one was hurt due to the immediate
evacuation.

33
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Debris Flow Monitoring
during Typhoon Morakot

Upstream CCD camera
9:30 Aug. 9

e 1200
o0 T ol 1000
. | Wires broke time L
&% —— wire 3 (midstream) " I
=21 wire 1 & 2(upstream) A | o
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Midstream CCD camera

8:00 Aug. 9

Accumulated rainfall 1357mm
Peak rainfall intensity 62.5mm
Wires broke time

1) 5:23, Aug. 9

2) 5:23, Aug. 9

' 3) 00:48 Aug. 9
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4., Community Development and Rural
Regeneration Project

35



When Debrls Flow Meets Coffee

Debrls‘flow.@saster management

+ Rural régeneration e

= an‘:gpportunity for integratlng debris flow
mitigation works, ecological engineering
u'lk:oncepts leisure industry and toukism ..

\ management
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:Debris flow outdoor classroong

Afternoon break

o
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Za < Hwashan night scene
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Reputation for Coffee Festival

Hwashan village holds the Taiwan coffee
festival every year and earns a famous
reputation --Hometown of Taiwan Coffee
The coffee industry not only enhances the
commercial profits but creates quite a few
employment opportunities.
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Awarded the Top 10 Rural Villages
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5. Future Perspective

40
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On-line Education of Debris Flow Knowledge

Education videos

uploaded on Youtube
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~ Parent- Chlld
Interactive website

B 558 ) Disaster prevention
T knowledge

~On-line monopoly
game for disaster
prevention
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Apps for DDMI System AaleE

Google map application
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Does the slit dam work?
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type steel dam
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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 P g r Tt
protection limit ———— ‘ P o sime S
Kt rl -'r_,_,-—'—'—-.\q
_ i, T T Y S . I N
Disaster
scale
S Hardwar
el | Software AL
IDJ ---- ’ ‘.- - - - @
High frequency Low frequenc
small scale large gcale Y Hardware & software

( 200845
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