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Natural Hazards Risk Atlas

Category

1 Japan Extreme B Mexico High l Extreme
2 LSA Extreme 7 Fhilippines High High
3 Taiwan Extreme (i) Italy High Medium
4 China Extreme 9 Australia High il Low
] India Extreme 10 Indonesia Medium No data
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Climate Change Impact

. Average annual rainfall in
Temperature increases about 1.4C J

the past 50 years

In the last 100 years (1901-2006).
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Casualty : 2,415 people
w4 el Missing : 29 people

 .-. .,=~':;‘>- ,,; “YWounded : 11,305 people
‘ [ Totally destroyed=61;711 buildings
Half destroyed 53, 768 buildings
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Historic Severe Typhoon Events in Taiwan
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1996-Herb Debris Flow Disasters i iwan
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Debris flows caused by typhoon

Nanmadol in August, 2011 Source area
Landstes

Transportatilon part
Channel erosion
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2. Framework of Debris Flow Disaster
Management

Potential Debris Flow Torrents
Debris Flow Warning Model

On-site Monitoring System
Debris Flow Information and Education
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1,705
Torrents

46,630
People

Harg

Yoeqpoo-

:ﬁ Soil and Water Conservation Bureau (SWCB)

flow torrents Framework of Debris
Flow Management
How big (far) ?

Delineation of
affected areas

Inventory of

protected targets

Software
Ware
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ldentification of Potential Debris Flow Torrents

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

Occurrence Degree

¢ Landslide ratio, drainage
slope, sedimentation,
geology, vegetation

Protected Targets

¢ Buildings, transportation
facilities, watershed
management performance

Occurrence
Risk Degree Degree
Low | Mid | High
Low | Low | Low Mid
Protected .

Mid i '
Targets | Low | Mid [gllely
High | Mid Bgile]ammzite]s
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Preparedness for Evacuation

* 947 Evacuation routes planned
* 756 debris flow evacuation drills held

http://246.swcb.gov.tw/

Evacuation route map
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" Localized Rainfall-based Debris-flow Warning Model

» Rainfall Triggering Index (RTI)
=Rainfall intensityx Effective accumulated rainfall

T s / . X . debris flow do not occurred
RTI =1 R — a) R O . debris flow occurred
R=2('R

~ High potential >90%
& is the decaying e 1000 o oy
weighting factor = 0.7 ed —— ]
© 'ur.nmooxxocf L S <% RTI,
. . . pOtentlaI 5O 5 &" g ><)< XX >$<xx g x xx X Tx
| ©~ Rainfall intensity (mm/hr) 10%~90% =™ o x
RTl,, - 70% RTI value as the debris flow % . RTI,
warning criteria : Low potential <10%
R, - Effective accumulated rainfall (mm) 10++———pr—r—r——or—rror—o
= Accumulated rainfall 0 1020 30 40 50 60 70 80 90
+ Preceding rainfall for 7 days Rainfall Events N

13



:ﬁ. Soil and Water Conservation Bureau (SWCB)

Debris Flow Warning Stages

m Rainfall Threshold for Predict rainfall Real rainfall
Debris Flow Warning : >Threshold d\“‘a\\ ~ >Threshold
200~ 600mm r ( i
g M
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Sea typhoon Sea & land typhoon alarm

alarm Yellow Warning JRGIeRWE gplTg]e]
Rainfall @ m

Persuasive orese
Local government should Evacuation acuatio

Advise the inhabitants

to evacuate. Local government should Force

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

http://fema.swcbh.gov.tw

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

= Real-time rainfall data over
497 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
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On-site Debris Flow Monitoring

3 Mobile stations
oo Display through
g DDMI system and APPs

17 portable
stations

http://246.swcb.gov.tw/

Communlcatlon

z

Satellite E)

“ ADSL

VL

i
;;;;;;
.....

21 Fixed stations



':ﬁ' Soil and Water Conservation Bureau (SWCB)

On-site Debris Flow Monitoring

Soil moisture ﬁs
sensor ‘ -

N Water level
meter

q, \ Geophone
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Typhoon Morakot, Aug. 8, 2009

CCD image (frontview)  CCD image (side view) Velocity
downstream upper stream
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Seismometer signals are about 4 min
ahead of geophone signals

seismometer geophone

spectrum
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Debris Flows Observation Data = Yo"

Torrential rain in Shenmu monitoring station, 20 May, 2014
Upstream, 1=54 mm/hr, R=58.5 mm

Geophone initiated at 12:53:43 ~ Downstream, |=24.5 mm/hr, R=26 mm
Wires broke at 12:53:44 Front surge velocity = 4.9 m/s

- ' 12:53:30
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Evolution of mobile station
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17 Portable monitoring station (since 2010)

CCD camera

Rain gauge

Solar panel

<
o

Data logger

= and battery Geophone

Soil moisture probe 21
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~On-line Event-database of Sediment-related Disasters
using UAYV, satellite images and field investigation
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On-line Education of Debris Flow Knowledge

Education videos
uploaded on Youtube

@ Tmmemrens
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Apps for Debris Flow Prevention
Google map application

10S
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#‘\ P E e w ol & o 9:59
M-ERER

SmEEm

y SlEfmPll

b ALHEPIER ‘ | PN #N\ 7 & Mo B L& 16:00

] BIEMLRE L , ‘ ' ' & &

8 HILHALE 4 4y : \ : oM AW 58 I_T_leﬁﬂﬁﬁ Kin

0 FiLdAIEE R ‘ 2 iﬂ;E "*FFT'EZIE._'I-E_,E
T48EME ; 0.0 mm
—/\BFHE : 0.0 mm

#;f T | j=4 & M 1 (LIX: T Taew u i =/\BSRE : 0.0 mm
TEREMER JLE i 7~EFFRE 0.0 mm

$it 12/M\EFFEE : 0.0 mm
—_— e \' cal s 24/\B5TE : 0.0 mm
P . i ABAWHE : 0.0 mm
A TERl—/NESFRE : nm
i = FEAI —/NEFRRE : nm
ERE . FERI=/\BESRE : nm

& 104 4E 0.0 mm -
= : £0.0 mm o EEF= : 24.1936,120.813
i SONRE 32 : S | bk TR SRR 17 Ak AT B SR T2 1 09
: | EEEH : 04-25813437
m?ﬁﬂﬁ(ﬂ 250 mm S BFAMASBY 1 200
BaliE=EwvEY,Y - 24.181664,120.648541
B EErEEH - 20 167672 AN

=i
=2 4]
=B (i
At
HE B
I
7
)

T8

2 BB oM ®m MM ®




jf Soil and Water Conservation Bureau (SWCB)

Google Crisis Response-Taiwan Disaster Prevention Map
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Public Warning System (PWS) for Natural Disasters

PWS utilizes cell broadcast technology, which can
simultaneously send more than 100,000 messages in targeted
regions within seconds (2,000 msg / min for telecoms)
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3. Mechanism of Comprehensive Self
Prevention and Protection

Debris Flow Volunteer Specialist
Self-protecting Community

27
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Debris Flow Volunteer S

Coverage:
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Establlsh Self protectlng Communlty (550)
Encourage residents to join the working groups of debris flow disaster
prevention project (warning, evacuation, shelter divisions)
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Debris Flow Warning and Evacuation 72 ':;.
: : - Grabron ANED
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Debris flows in Heliu tribe, Taoyuan City
during typhoon Soudelor on Aug. 8, 2015
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Timeline of Debris Flow Event
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THE BIGGEST MOVIE EVENT OF THE YEAR

8th Government Service
Quality Award in 2016

GOVERNMENT
SERVICE QUALITY

. . AWARD
Comprehensive Self Prevention and

Protection of Debris Flow Disasters Egrﬂﬁ%%mgﬂg
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- Theslitdam was destroyed by debris
Y e ws during typhoon Morakot in 2009
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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 is over the
hardware protection limit

Hardware Ay P it
protection limit ] | :‘~~-——’).
sty R« Ao s s G
Disaster
scale
T
R | Software Hardware
Io-‘ ------ *v’\@
High frequency Low frequenc
small scale large CS’CBIe y Hardware & software

Safe EQ

(8 P &3 F 3Rt > 2008) o
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Natural Disaster Management

—T.H.I.N.K —

AR

53

*

Human management - Improve residents’
awareness of precaution against disaster.

AR

* Investigation - hazard map and event database.

AR

* Notice - Early warning system and evacuation plan.

NG
‘0

Knowledge - Information for decision- making.

®

» Technology - Research, development and practice.
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