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Trapical cyclone frequency

Taiwan Average number of cyclones: low moderate [\ high
o (1980-2000)

Taiwan is prone to
tropical cyclones.

North
Atlantic

North East Pacific

)

‘Low’ refars to less than ona cyclone evary three years per 0.002 ddf, ‘moderate’ /
betwaen one every thres years to one every year per 0.002 dd? and ‘high' to ona :

to thres cyclonas per year per 0.002 dd®. Tha unit *0.002 squara decimal degres

(dd?)" is equivalent to 25 km= on the equator, diminizhing as latitude gets

higher.

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

South Indian Ocean South Pacific
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Historic Typhoon routes near Taiwan
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" Casualty 2,415 people
~ -/ Missing : 29 people

M 3 ~\A/ounded 11,305 people
Totally destroyeds51-711 buildings
Half destroyed 53 768 buﬂdmgs
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Historic Severe Typhoon Events in Taiwan
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1996-Herb Debris Flow Disasters in Taiwan

. L]

-
B

ot
% L

v b LZOQQEﬁ%rak

fi -55;2',;4“‘*% i o P -
TRTTRL Y

ibe il




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

Council of Agriculture
Soil & Water Conservation Bureau

OrganizatiOn Chart Total personnel : 540
DITEciorAeeneral

Annual Budget : 380 million USD

DEpULY/DIreciorsGeneral
ChIeliSecrelarny,

Planning Division 3 Sections
Watershed Conservation DIVIS/OnY4 Sections
Rural Regeneration Division 4'Sections
Monitoring & Management DIvisiong4 Sections
Debris Flow Disaster Prevention Center

Secretariat
Personnel Office
Accounting Office
Government Ethics Office

6 Regional Branches 4 Sections




Debris flows caused by typhoon
Nanmadol in August, 2011

Source area
Landslides
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Potential debris

Where?

o flow creeks Framework of Debris
Delineation of Flow Management
affected areas hig (f
How Dbig (far) ?
46,676 Inventory of J ( )
People protected targets Disaster analysis
Software
Hardqware When? |
D [ << " | Early warning
8 \ 4 \4 SyStem _I_I
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% restrictions | Relocation Rainfall based 8
a ! model 8‘
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. Prevent
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factors

. Mass energy
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. Suppression works
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Delimitation

Restriction
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Threshold
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Location

! < Warning

Coordination

Relocation
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Debris-flow Disaster Management
Information(DDMI) System
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Potential debris flow creeks
Evacuation plans
wowledge and education

Emergency response Post-disaster survey

Weather information

Earl

http:

ywarnlng and monltorlng
[fema.swcb.gov.tw

Events investigation
Remote sensing methods

Internal system

External web3|te
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”'}Investigation of 1,725 Potential
Debris Flow Creeks

Risk Degree=0Occurrence degree X

uman
Aelivitias

-_nr 3
A AL S

Degree of hazards on protected targets

Occurrence Degree

¢ Watershed area, landslide ratio, _ Occurrence
drainage slope, sedimentation | Risk Degree ——
amount, geological structure, =7 || Wil lig)
vegetation, historical events Low |Low | Low | Mid
Protected Vid I v
NGOG ¢ Downstream | Targets OW [ VIO e
fan areas JILNRVIEH High High

¢ People, living houses, public
buildings, roads, bridges, other
Infrastructures
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Affected area zoning

B The apex of fan area was selected at valley exit point with 105
degree fan area, the run-out-distance (radius of the fan) was
calculated by Hiroshi equation as well as FLO-2D simulation.

B Eliminate the un-passable areas, for example if banks were

W

Hiroshi equation

Log(L) = 0.42x
Log(V xtan@, ) + 0.935

iRy

Overflow

Torrent 9% V =70,992 ALOL (HSieh’ 2000)

Equation 8 V=estimated debris volume (m3)

L=run out distance (m)
A=watershed area (km?)
©,=Slope of torrent

12



Debris-flow Disaster Management

Information(DDI\/II) System
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http://246.swcb.gov.tw/
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“Debris-flow Disaster Management
Informatlon(DDMI) System http://246.sweb.gov.tw/
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On-line Submission - Inventory of Protected Targets

http://ffema.swcb.gov.tw/ Designed for local government
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On-line Modification of Evacuation Route Map

http://fema.swcb.gov.tw/  Designed for local government
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‘Localized Rainfall-based Debris-flow Warning Model

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

e ! . X - debris flow do not occurred
RTI =1 X Rt Rt = Z(a)' Ri - O . debris flow occurred
1=0 :

— 1 High potential >90%
& is the decaying o 10006 o ol
weighting factor =0.7 . T
CAIUM p0q” "o KO < S x% > Rl
. . . pOtentIal ] xx X &x * x>< XX xxxx g X ><>< X xx
| - Rainfall intensity (mm/hr) 10%~900% R L *
RTl,, - 70% RTI value as the debris flow < "Rl
warning criteria f Low potential <10%
R, - Effective accumulated rainfall (mm) 0+
= Accumulated rainfall 0 10 20 30 40 S0 60 70 80 90
+ Preceding rainfall for 7 days Rainfall Events N

17
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Simplified RTI model

The RTI value involving | and R is too complicated for the
residents living in mountainous areas to understand.

However, the simplified Critical Accumulated Rainfall (R,) is
much easier for the public understanding and application.

50

Rc iIs estimated from the critical RTI-
value with the consideration of 10
mm/hr rainfall intensity.

With 50mm as an interval, the Critical
Accumulated Rainfall Rc can be 20 7
classified into 9 categories in different ]
regions. They are 200, 250, 300, 350, @
400, 450, 500, 550, or 600 mm.

| (mm/hr)

0 100 200 30
R, (mm)

c /400 500
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Warning Criteria Table

Rainfall station 2

Village and (N) : the numbers of

debris flow creeks in the village Rainfall station 1 [
1045+ 5 7§ A A R A9 ba & 10W.01455T
“ SAERE LERSR 54w & 3%
R shessne T ARG
+
(2 SRR A pangn) | @ | REBT | RAP
o=~ YO S VAR P A RN AT
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Numbers of debris flow creeks in township

Warning Criteria (mm)
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Debris Flow Warning Stages

mRainfall Threshold for Predict rainfall Real raintall
Debris Flow Warning >Threshold d\(\‘a\\ - >Threshold
200~600mm “\a‘edt f
-
-30hr. -18hr. -12hr. pe d MHHHHHHHHHHHHHN Mﬂmﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂm
Sea typhoon Sea & land typhoon alarm
e Yellow Warning JgEle Warnlng

O

Ra/nfa//
forecast

Persuasive
Evacuation

Mandatory.
Evacuation

Local government should

Advise theinhabitants
to evacuate.

Local government should Force
the inhabitants to evacuate. -
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Debris Flow Emergency e
Operation Task Force of SWCB f

http://ffema.swcb.gov.tw

%
m \Web-based decision making
system (FEMA)
= Real-time rainfall data over s
507 on-site auto-rain-gauges: R
refresh every 10 min Y

peee
it 4

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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Difficulties of Rain Gauges

Proportion of rain gauges
€ The number of reference rain gauges for debris
flow warning is 507 (63% belongs to CWB).

Disadvantages of rain gauges

® Low density in mountainous areas. ‘ :

€ High cost for maintenance.

€ High cost to establish new station.

€ Transmission problems during heavy rainfall.
€ Point data. Spatial representative is limited.

Solutions

€ To establish new rain gauges.
€ Apply the Radar system(QPESUMS)
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Radar-derived Rainfal

Precipitation estimation from radar has

| (QPESUMS)

advantages providing the

complete spatial coverage including mountain areas. Furthermore, the

radar estimation has better spatial resolutions than traditional rain

gauges (point data).

v' Time resolution 710 minutes  Spatial r

v Rainfall prediction : 1 hr, 2 hr, 3 hr.....
| S W QPESUM.
QPESUMS%‘E@Q{##
B ] AR A B ~10 2 8 4

<7
<
N
3
¥

WAL ERA | :

..................................................

R

WSE-BEDF i 55

S

esolution < 1.3km X 1.3km

eSS L ES

O

J

U
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Application of QPESUMS Grids

Shortage of reference rain gauge
especially in mountain areas.

-The rain gauge is too far-ava from==s
debris flow creeks ( > 5km) = SN

*, Rain-gauge
5y
B o

a

v It doesn’'t change the current
operating procedure of debris flow
warning (reference rain gauge).

Assuming there is a virtual
rain gauge within the warning
district of potential debris
flow torrent designed In
advance.
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Precipitation of virtual rain

gauge (like reference rain

gauge) is estimated from radar-
derived rainfall (QPE) 24
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On-site Debris Flow Monitoring
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On-site Debris Flow Monitoring

3 Mobile stations

\L7 Grid stations = Display through
| - ! DDMI system and APPs

''''''''''
.....

Satellite H
-

21 Fixed stations
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Debris Flows Observation Data

Torrential rain in Shenmu monitoring station, 20 May, 2014

Seismometer signals are about 4 min
ahead of geophgone signals Upstream, 1I=54 mm/hr, R=58.5 mm

seismometer geophone

spectrum

Geophone initiated at 12:53:43 ~ Downstream, 1=24.5 mm/hr, R=26 mm
Wires broke at 12:53:44 Front surge velocity = 4.9 m/s

12:55:30
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1 i
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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 S |5/ 55 i) 2 Disaster prevention
uploaded on Youtube e knowledge
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Origlﬂ! Debris Flow Dlsaster ReS|stant Community

Debris Flow Disaster in Songhe Tribe

\ Typhoon I\/Imdullexon July 2,2004 Delivery of simple rain

?t &;‘ﬂ | £ > o gauge on May 24 2004)

@ 60 houses 2
were buried

® 1 casualty

¥ o

“July 7,2004
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Debris Flow Volunteer Spe

Coverage:

'.}—300—'_
By =
anshin Earthquake(M=7.3)
N / 0: Mutual help: help |
. 2 1 —ibg=—g
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Simple rain gauge
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DIY Rain-gauge Using PET Bottle
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Establish Dlsaster Resistant Communlty (550)
Encourage residents to join the working groups of debris flow disaster
prevention project (warning, guiding, evacuation, shelter)
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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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Durlng typhoon Morakot in 2009 9, 100 people were evacuated Among :
. them, 1,046 people escaped from the possible casualties. |
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Free Apps for Debris Flow Prevention
Google map application
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Android
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Google Crisis Response-Taiwan Disaster Prevention Map

http //www google org/crisismap/taiwan
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Making critical information more
accessible in times of disaster

When disaster strikes, people tum to the intemet for information. We help
ensure the right information is there in these times of need by building
tools to collect and share emergency information, and by supporting first
responders in using fechnology to help improve and save lives.
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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) including earthquake, torrential rain, debris flow,
traffic closure, reservoir discharge...

Making warning info. accessible to the public during emergency period
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No. of Casualties and Wounded
M=7.3 Chi-Chi Debris Flows vs Typhoon

earthquake
I
1 | Disaster prevention mechanism has been implemented since 2004.
I
|
I
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e £ Tgesmdam was destfoyeél by_débris >
& flows 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
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;ﬁ Soil and Water Conservation Bureau (SWCB)

Natural Disaster Management

—T.H.I.N.K—

4

*

L)

» Technology - Research, development and practice.

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

4

L/

L)

4

L)

L)

AR

» Notice - Early warning system and evacuation plan.

\/
‘0

L)

Knowledge - Information for decision- making and
disaster mitigation.

* Investigation - hazard mapping and event database.
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2019 Geospatial World Excellence Awards

Intelligent disaster prevention and decision-making
network for debris flow monitoring
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Efficiency of Debris Flow Warning Model

Warning Accuracy (%)

NO. of warning township
with debris flow events

NO. of warning township

Warning Coverage (%)

NO. of debris flow events
In warning areas

NO. of debris flow events

From the historic statistics, the
warning accuracy of typhoons is
higher than torrential rain because
of the different rainfall patterns.

Accuracy | Coverage
Year (%) y (%) J
2005 6.4 100
2006 9.1 100
2007 6.3 66.7
2008 9.1 100
2009 20.6 85.7
2010 11.5 81.8
2011 10.5 12.7
2012 7.2 92.3
2013 2.7 100
Average 9.3 89.0
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