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Storm Floodmg, 2009

Thailand
South-Asia Tsunami, 2004

N —— Malaysia
Indonesia \ » South-Asia Tsunami, 2004
=, = Storm Flooding, 2006, 2007
sunami, 2004 v : -
| £ Debris Flow, 2008
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B Global climate prediction by
IPCC (2007)

O Catastrophic heavy rainfall >
90% §
O Extreme Drought > 66% %

OExtreme weather events will
appear frequently and broadly
in future years <)~

® Heat wave : Q
® Drought

® Heavy storm

@ Typhoon




Rai{h'fall Change & Relat—e‘dvgf)‘iﬁs sters

A
Rainfall A (R<1000,1>100)
Intensity Shallow Landslide ,4;\&
(1,mm/hr) Debris Flow ¢
: Flooding &\)

2 B (R = 1000, | = 100)

Type C( R >1000,1 < 100)

Deep Landslide
Landslide Dam

-
Accumuliative
Rainfall




Catastrophic Strom 1n Taiwan

B During 1991 ~ 2000
O Averagely 3.3 typhoons stroke Taiwan.in one year (Tsuang

etal.,1996) AN\
W After 2000 N
O It increased from 3.3 to 5@yphoons in one year (Tu et
al.,2009) &
(N
ALY
>
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28 Typhoon Morakot

Path of the center of Typhoon Morakot +

China
o8/00/187 Typhoon Morakot made its landfZl on at
08/09/122 23:50 on August 7, 2009.
.:08/09/062 =
y ‘ Y 4 _
i 08/09/00Z /
“08/08/182 £ \‘ ’
* ,.08/08/062 y " b4
08/08/122+08/08/00Z " N
e A os;omaz (1 b4
N\ 981057122

Chinese ﬁ?zz 00(07/062408(0/18 08106122 - gg/06/002
p /EZO@HBZ

It affected Taiwan on Aug 6, 2009

2% OSKOGZ 08;’04;’1 8z .08;’04;’062

-
08/05/002° 08/04/12Z" " 08/04/00Z

125 250 500

@ Kilometers

Phillipines

B On August 2, 2009 a
tropical depression
formed on the sea,
northwest to
Philippines.

B [tstrengthened
gradually into a tropic
storm and was gave a
name, Morakot.

B The storm turned into a
on August 5.

B It started raining on
Taiwan.

B The eye of the typhoon
Taiwan from
Taoyuan at 14:00 on

August 8, 20009.




Rainfall depth (mm)

Rainfall Characteristics ~ Long

160 —
e Ty phOON Morakot (2009)
1 - — 4- - Typhoon Kalmaegi (2008)
- |ll| Typhoon Aere (2004)
1 ——A-~— Typhoon Toraji (2001)
120 — i - =%~ — Typhoon Winnie (1997)
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Yuyushan, the record
shows that it rained

continuously from
August 6, 2009 to
August 10, 20009.

The duration is 91
hours.




Intensity (mm/hr)

: The comparison
M Typhoon Morakot (2009) &:;\r eveals that the

— — —&-— — Typhoon Kalmaegi (200
Typhoon AREA (2004)

Loa i Treentom o= Tainfall intensity

______ Typhoon Winni(ﬂgg?)

= pmimts)”  of Typhoon
N Morakot
N : remained high for

91 hours.
The maximum

~ Intensity was 123
Duration (hour) mm/hOur at

Alishan.




Raillﬁél'l Characteristics ~ Large Accumulated Depth

'

R 4The accumulated
A_) Trainfall depth of
- Typhoon Morakot

C

g 0] e A is far larger than
= \

5 .;«3\‘ that of others.

E . ﬁTyp:oon l|\</I()|rakot (2(2)82?3

Sea 3 .,,;....««“ e ooy M The largest

—= ﬁF Typhoon Toraji (2001)
= ¥—— Typhoon Winnie (1997)

wQ\ ——+—— Typhoon Herb (1996) accumulated
Typhoon Isewan (1959) .
j f f‘ rainfall depth was

— gt ” ¢
0'— | l |

: 3 a0 w observed 3,079
mm at Alishan.
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Accumulated rainfall depth

40009 O World's greatest observed point rainfall
4 Maximum point rainfall during Typhoon Morakot

Depth (mm)

60 | N/
50 IA £ T - T T T T T T | T T T T T T
5 o~ Agee 5 @l 8 9 20 30 40 50 60 70

Duration (hour)

Rainfall data is compared with the world’s greatest observed point rainfalls
(WMO, 1994).

Cumulative rainfall depths for 24-hour, 48-hour and 72-hour are close the
world’s greatest observed point rainfalls.




B Most of Taiwan was
covered under the heavy
rainfall.

B Two storm centers can be

found in the Isohyet. ,ﬁs&ﬁ

4

B The values of accumulartedy
rainfall depth at these ;cWo
points reached 3,000 mm.

B One-fifth of Tai\ﬁén was
covered.
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Ramfall Characteristics ~ Broad extent
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Surh"mary of Rainfall Characteristics

4

e Long duration (91 hours)&«:;\‘
e High intensity (123 m{n/hodr)
eLarge accumulate@ramfall depth (3,000

mm-72 hour) ,\
¢ Broad extent,g"}vs' of Taiwan was covered)




3 Disasters of Typhoon Morakot

3.1 Spatial Distribution of Hazard

locations

Geo-hazards in the mountains located
within the range of precipitation > A
1,000mm 2
’\

h{y ).'
Precipitation > 2,000mm fh,g most

serious area |: ) >
Most floods located at the downstream of

rainfall center (Chiayi, Tainan, Kaoshiung &
Pingdong Counties)

Sediment Disaster

Flooding Disaster
25 50 100
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3. 2 Dlsasters In Mountalnous Area

= ZAP T il

! f“:,;:ré '

abdslide
A ® Rapidly, Directly strike the villages
. @ Breakage of the lifeline
® Provide the sediments for triggering
subsequent movement
@ Natural Dam

| 2. Debris Flow
@  Strike the villages
@ Breakage of the lifeline
#1 3. Natural Dam (& Breach)
@® High-concentration flow (debris flow)
@ Flood in the downstream

'@j@m Re§ :r‘g‘h Fe
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3.2 Disasters in Mountainous Area ( Landshde )

Example for Shinkai (%1 57) Village

Landslide perioa

32 killed at this area

Rainfall m/hr)

36 48 60 72 84 96 108 120

| =98 mm/hr
R =2342 mm
Y LU=



簡報者
簡報註解
總雨量：


3.2 Disasters in Mountainous Area ( lglfds‘lide Arca )

Before Morakot After Morakot

Basin Count Area(ha) Count Area (ha)
BX& 607 820 2,576 Ng 1,969 3,048
NEE 26 65 45 58
SRE 3335 3,993 K)zz 667 11,430 18,674
EiRE 1,853 2,464 é 11,075 6,011 8,611
BRLLE 641 638 &406 6,021 2,765 5,383
b ¥ 2 841 &\' 3,495 5571 2,654 4,680
amins 853 1,064 5,480 9,136 4,627 8,073
IR 167 <) 218 415 1853 248 1,635
HKE 3,717 5652 10,579 13,657 6,862 8,005

Total 8705 11812.18 33886 51304 36,387

1* Data collect from Forestry Bureau, Central Geological Survey & DPRC
2*. The results were just for urgent rellewng disaster & needed advanced check
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3.2 Disasters in Mountainous Area

o
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Debris Flow

Rainfall (mm/hr)

= 88 mm/hr

= 2074 mm
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32 Dlsasters 1n Mountamous Area (%Zbu Flow, )

HLYE (RiRH)
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3.2 Di S ' ters in Mountamous A“rea“"(-_Lalfdﬁsllde Da‘m)

-H - e
7' m N A
ﬁ ¥ g . J s N T o AL




S o T %M iR
S Dlsasters in Mountainous Area (@Fandslide Dann):
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. "3.3 Disasters in Plain Area
| N\ A e T A

".j.'

i, : W o -
P A
. £ el X ¢ T
af = g L
Ah f-vf
L oatd o L

& | 1. Insufficient Drainage System
»';; A £® Appearance at most locations due to
A~ heavy rainfall
b e \, @ Local area with small scale

Y. " 2. Levee Brake

T, ol @ Rapidly over bigger living area

@ Fine deposits

| 3. Levee Overflow
-' @ Nearby river area

@ Fine deposits

4. Drift Woods

L
N

r’ . = 7 ] 7 ’ ,..E_-.. & "_..!: .:. 1:' :;-‘;.l‘.’- :‘1 T TR
Djisasters J e @?@m egza:h _Center;y NCKU
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3.3 Dlsasters in Plain Area ( Bndge Bicak ) |

%ﬁ*%(Swan—Ue@\rfdge)
= 5Z(Kaoping River)

Break Length 459m

6 persons missing (at least)

g e
Disas



3.3 Dlsasters in Plain Area ( Lovee Bl ach )
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3.3 Disasters in Plain Area = ( lnundation )




Death Confirmed Not Confirmed Missing

RE% 28 6 14 48
A1 491 66 38 22
: Bk 25 25
Ma]o;rl-(:zzard =% 17 1 2 20
=EXRE 7 7
Eahste] 11 S 16
Total 572 73 66 711
= 10 2 12
=165 9 1 1 11
HEm 1 1
EL ] 2 1 3
=@ 6 4 10
FEESE 1 1
The Other Area =iz 7 7
22165 6 6
Emiz 3 3
e MR 1 1
k& 1 1 2
ES ] 1 1
Total 47 1 10 58
Total 619 74 76 769

D:saster Preventdn R%sear ht Cent




4 Disaster Characterlsﬁzsw

BDisasters spread over a very large region
(Over 5,000 km?) A

N

B Large amount of sedimentyield and
movement (1.2 billion m?)

AN

B Disasters were compounded

B Secondary disasters will easily and
continuouslyo :j;cur in the future (10 to 20
years) %

B Such Kkind of disasters need a new
MethodologytoMake Renovatmn Strategy_ >
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5. Compound Dlsaster 'i*(X,ia'ﬁiil?i_I;l,,;\féi*lil A

After Typhoon Morakot
(2009/08)

T AR




A N

Biefomedivinlioon Marakot: ! \Sl‘yphoon Morakot
T e— | 009/08)

— /
— ~
_— -

A% e 0
The only remaining building in Siaolin village after the
landslide
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5..5C0mp01lnd Disaster (Xlaolm Vlllage)
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;;3D Satelllte Image
_Befone Typhoon I\/lOIakot Q
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f'3D Satelllte Image
Qo fter Typhoon l\/lorakot
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5 COJﬁpound Disaster (Landsllde Slmulatlon) '
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5. Compound Disaster = (Dam Breach)

Riverbed gradient = 0.9%
Average Speed of Flood Wave
27.5km / 1.5hr = 5m/s

e

N ‘Rrevention R’é?s«ef%msé‘hﬁ nter;
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5.§_C"'J()mpOlIIld Disaster (Xlaolm Vlllage)

3D Satellite maéé.
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5. Compound Disaster (Riocess)
Date Time Event Event number
2009 /8/6 08:30 Typhoon warning was issued. 1
2009 /8/7 17 :00 Yellow debris flow warning was issued. =\ 2
23:00  Red debris flow warning was issued™, ) 3
19:00  Bridge #10 was flooded. Northward-road was interrupted.
2009/8/8 Bridge #8 collapsed. Southwgrd road was interrupted. 4
23:00  Bridge #9 was flooded. The inundated depth .
was about 60cm. .
05 - 20 Bridge #9 was floodéd. The inundated depth
: was raised from 60em to 200 cm. o
= -
2009 /8/9 05:30 43 inhabitantsimoved to a hut. 7
06 - 20  Thelandslide occurred. Northern part of the village 8
was destroyed The landslide dam formed.
R
Nanfongbridge collapsed.
07 :00 Landslide dam broke. Southern part of the village 9
was flush out.
2009 /8/10 05:30 The warning for typhoon was lifted. 10
2009 /8/11 - 43 survivors were evacuated by helicopters. 11

S

N



5. La;ge scale landslide ocurred,

1. Shallow landslide occurred
2. Bridge #8 broke (debris flow) Bridge Nanfong broke
3. Bridge #10 broke 6. Natural dam breach
4. Bridge #9 inundated 7. Bridge ]Jaishan broke
8. Wave passed Bridge Shanlin
100 — — 2500
90 3 i ,\) ¥ g
80 = ;} . 5 e P 2000
70 3 t » %lr/’/_’ =
. T
> 60 68 — 1500 e
0 5 ©
EJ 50 _E i ?_;
= 403 1000 ¥
. —
s | pEal :
O = | l’_ | | | [ O

8/6/09

8/7/09
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80
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6. Face the Challenge of COInpOLi;(fDisasters |

B [f we don’t know the sequence of compound disasters
than how to do the warning system;‘xi

& r

B If we don't know categ({ﬁes of compound
disasters than how j:@%ﬁtigate the hazards.

N

A 1%




7y Re'novation strategy | (Flﬁomchart)

Vi

Disaster Investigation ﬂ \
I e Ul
Damage Evaluation o me's

Importance Evalﬁon of Villages

x‘* N

Time Scaﬁ\} ce of Renovatlon

V

C@f‘{ind Disasters Simulation

\4

P'Iannmg of Renovation Strategy

N

Decision Making

@@fi@m Resear:cl
« 2o ) = ! '
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8. Time scale consideration in Renovatio

B For the village Renovation, | B\1 P
different time scale can be 4\ E‘””’i”;
considered N A

OShort-term ( itagk 7/”’
® Only watershed C is consider@\\‘ (‘

|
OLong-term {&“

>

\/Natershed C Watershed B

‘ A i rd B
® Watersheds A, B and C afs@),a*’fl LR T e
considered. QN 32 f S o A
N 2E P e\ \
= . - g .: ’/ 7 X N\, E § S ; .
B On long-term COH@ ration, T

the village renoi\fgtion will be P g
expanded to a watershed :

(w)
uonepeibbe paglany
\

{

management
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9.Importance Evaluation of Villages® = =

. AN Important

B Evaluating factors N 4\
O Population '

0 Damage cost
O Industry Structure (

_ A
B Time Scale Consideration -\

Short




[ Rain fall input 1

{ S

[ Surface Runoff Simulation } ' dnﬁltration and Groundwater }

Simulation

A \
Nl '
A Shallow landslide Deep landslide
,% simulation simulation

[ Main Stream Simulation Debris Flow

Ve

Landslide Dam
form/break

R o 7




Sediment Runoff Process at Kaopillg#Waterslled

Ae
~\
1
1
< |

Vs

After 3 Years
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Conclusion

M Rainfall characteristics of Typhoon Morakot
O Long duration (91 hours) ; *»\
OHigh intensity (123 mm/hour) x\"-% )
O Large accumulated rainfall depth. (3,000 mm-72 hour)
O Broad extent (one-fifth of Tai(/vén was covered by strong
rainfall) : &ﬁa‘\
B Disaster characterist@c&gf Typhoon Morakot
O Disasters spread oyasr é‘yéry large region (over 5,000 km?)
O Disasters were c pounded
O Large amount of sediment yield and movement (1.2 billion m?)

[0 Secondary disasters will easily and continuously occur in the
future




Conclusion =

BUnderstanding and proper prediction
of disaster process can provide
effective and efficient renovation

« 2
strategy Ay

'/m" 9 l [ ] [ ]
BThe powerful qsim*ulatlon model is
necessaryi‘l;ljﬁe renovation
N




B Different time scales should be taken into
account when one determines-the renovation
strategy. N

B On long-term considera\t{on, the village

renovation will be Q{eplﬁhded to a watershed

management S










" 8.Sediment Budgethaél.f |

B Subbasin systems
O Watershed divide into several subbasins with joint relationships
O Sediment yield is estimated in each Sllb]%ii}l
O Sediments transport downstream, and&to 1 at each junction
O Remnant sediments are computec{’between 2 junctions

A

A )\

5 : i
e Subbasin fl Py

Y 4

\ /7 Subbasin/ !‘;l“} asin / Subbasin Il
s » q‘
Mainstream | & N
! ¥ sy “";‘-.A 4 4 4 4
Subbasinll * Mainstream! * Mainstream Il *

/

Supbasin lll

(Junction) (Outlet)
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FOCESS

Sini'ulation of Sediment Runéfﬁp

B Surface runoff
0A  9(Q) _

DL 4
aQ 8 (Q%\ oh
0 +&<K> +85. = 8AS — S0

B Sediment yield and transpor(fatioh

A N 0
V=R, XK,xSxLxCxP ~

e
®V,

Landslide : ranged by Sa@é\lmage

&

Surface Erosion : USLE

;
A*‘
/\\)

3
v = 8\/ Sgd3 [T* = T*C]7

ac+U ac_D62c+1( c)
ot 9% st b

ac,, aE, SNZEr
R Y S 1§ v —Dw)

0z ™ Tdq;
ST (qsu _wfcb) _Dw +EW =0

E+(1—7\) 0x

B Sediment particle size variation

B (Engineering) constructions
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Iation

Sediment Yield & TransportionﬁS#id

Input

Rainfall
Topography
Geo-parameters
Landslide

Threshold ¢f
Cum. Precipitai

/i m&fs a l

Response ' Response

Output

Hydrograph of water
Hydrograph of sediment
Deposition/Erosion

of sediments
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7. Renovation stratégfi'/

B The resources must be allocated reasonably so
that the renovation can be maﬂ%ged effectively
and efficiently. —
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7. Renovation straté&‘g’i’? -+

Traditional Methodology of Making Renovatlon Strategy in
Sediment-Related Disasters is

Y-0=A V’\\)
Y = Sediment Yield after ex gﬂg event (varied with time)

0 = Designed Sediment Ru (constant)

AV=Amounto[Sedimx Control

Under Design ¢ 0verDesi,qn> .50y




Example 1 ~ the Shoufeng Watershed

280000 285000 290000 295000

....

2645000

wLandslide
~ Dam

: Sabo Dam
o builtin 1994

5, 5

it
Neck

Large Scale // e, Y
Landslide P N Lo
occurredin 1984  ;

_Bridge

2635000

~Vi-l|a§e s

e X L PY TS
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mple 1
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the Shoufeng

__'..“ -#

The channel is departed
Into7 sections

Landslide

Tribury

Neck
Section

Downstream of
the Bridg_e



Example 1 ~'How to determine Y and ~ V?

16,000,000 —
R Large Scale Landslide
14,000,000 — | %occurred in 1984.
o 12000000 \) V = 15 million m?
2 i
~ 10,000,000
L%
© Ta
= N »
o 8,000,000 — = —y 7
it A -
= 6,000,000 1< 4R
= B R A
D - P %ﬁkt‘::{:‘\a
E 4,000,000 e — =
S -
3 i
2,000,000
0
-2,000,000
[T 1 | T 11

84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10

I Year I
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Example 2°~ the Blackstone Watershed

K o Blackstone I
Taiwan > ' ' S

A4

Taichung, County A

E:p{i:lce|1ter
{ i *

A, \

,‘: Nantou County

'W:Rain-gauge Station
* : Epicenter of Chi-Chi earthquake ; ,/: Chelungpu Fault

Betfore the Chi-Chi earthqualke

Landslide area

Catchment area |
Affter the Chi-Chi earthquake
Landslide area

EE A a1 8:2%0
Catchment area

S, -

= 1.4% |
N’

~ Disastei*Rievention Res

s d ~ - ALY
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& g \ --44-- Deposits on Riverbed (10% x m?) n
w 250 — § — -O— - Enlarged Landsli Area Ratio (%)
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Example 2 ~ How to make the Ci‘iteria'b_'if'-"débris flow,

Effective Intensity (mm/hr)

100

90

80

warning?

Debris-Flow Event in 2000

Debris-Flow Event in 2001
Debrﬂ%ow Event in 2004
Debris-Flow Event in 2005

urring Event

~

1958~1999

009

400 500 600

700 800 900 1000 1100
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