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The Study of Mitigation Strategies and Impact for

Large-Scale Sediment Disasters Report in 2019

Abstract

This project is a continuous research from 2019 to 2021. The main
achievement of the project in 2019 includes four items: (1) case study and
data collection of sediment-related disaster prevention and technology
literature, (2) inventory the sediment-related research results and annual
projects of the Soil and Water Conservation Bureau (SWCB), (3) test and
analyze the numerical model of watershed sediment-related disasters, (4)
integrate the future development issues for sediment-related disaster
prevention and mitigation strategy. We conducted the above items with the
Research and Technology Development Team of SWCB, and has
published 12 research papers including two journal papers and ten
conference papers. The results of the four items are briefly described as
follows:

First, In view of the severe broad regional sediment-related disaster,
“The Heavy Rain Event of July 2018, in Japan, the central government of
Japan immediately reviewed the guidelines for the preparation,
management, abolition, and so on of Specific Farm Ponds and re-
developed the criteria for selecting Specific Farm Ponds. The review
process and the revised strategies of Japan are useful for promoting farm
ponds’ development and management in future in Taiwan. This project

item aims to collect literature published by Japan Ministry of Agriculture
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Forestry and Fisheries and summarize relative literature, prevention
strategies, corresponding law and regulation as this analytical report did.
Furthermore, this project item is a supporting reference for relevant policy-
making, management strategies, and action plans in the future.

Second, we inventoried the SWCB annual project reports of sediment-
related disaster strategies and technology through collecting and analyzing
2391 reports (2008-2018). Base on the inventory result, we conducted
effectiveness analysis and evaluated the potential development and
feasibility of each report. Further, we provided recommendation about the
plan of data management platform that are represented by three main
functions, including “links,” “share,” and “provide.” By applying these
three functions, SWCB will provide several data services including
retrieval, query, exchange, circulation and moreover, storing and trading
management. The data management platform based on inventory results is
a root for slope-related research and data intelligence. Furthermore, the
platform offered by SWCB could provide valuable information for relevant
government units.

Consequently, the data management platform has been sustained
developing with an advanced project for basic data management. By data
management, SWCB keep committed in the vision of building an
intelligent environment of slope disaster prevention. An intelligent
environment of slope disaster prevention not only emphasizes the technical
aspect, but also focuses on data management such as data storage,

management, and exchange. Therefore, in order to effective integration,

Vi
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value-added and sharing of diverse data types, data standards and operating
specifications need to be established. With the advanced project for basic
data management of soil and water conservation, it is anticipated avoiding
repetitive expenditures and improving the internal knowledge sharing
through effective resource integration. Moreover, data management could
promote data circulation and value-added applications, further, make
SWCB's data management comply with relevant international standards,
domestic related standards and following domestic regulations.

Third, in 2019, we had two research cases, “The Preliminary Study on
Trend of Sediment-related Disasters Triggered by Rainfall in Taiwan in
The Past Decades” and “The Formation and Dam Breach Analysis of
Landslide Dam Lake in Atsuma Town in Japan,” both of which are
numerical model of watershed sediment-related disasters.

The former estimated the distribution of annual EAR(max) over the
years through the integrated analysis of effective accumulated rainfall,
newborn area of landslides, and severe sediment-related disasters. Besides,
the study clarified the spatial and temporal characteristics of severe
sediment-related disasters between these factors. The result showed that,
in Taiwan, we have various disaster patterns due to the different rainfall
distribution and modes.

In the latter case, we use free two-dimensional flood routing model of
HEC-RAS model to establish a standard operating procedure for rapid
assessing the impact on the downstream protecting targets after a landslide

dam breach. The landslide dam caused by Hokkaido earthquake in Atsuma

Vil
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Town in Japan on September 6th of 2018 is a case study in this research.
A numerical model is selected to simulate the process of dam breach and
analyze the characteristics of flooding wave, including the peak discharge,
flooding arrival time, and inundation area. The result presented the
simulation of different landslide dam heights and breach duration to
recognize disaster risks. Based on these results, the local government can
not only delimit the inundated area and protect targets but also decide
emergency evacuation plan and set early-warning criterion.

To evaluate the sediment trapping function of the sabo dam, the third
research case represented the in situ survey result of the Sanzhishui sabo
dam, located on the Dahukou River. To understand the characteristics of
study area, the in situ surveys were conducted including aerial-photo and
3D reality mech of UAV, sabo facilities survey, and river-bed material
survey. The construction period of these three sabo dams is close to 50
years, and the sediment trapping function caused by long-term sediment-
related impact and durability aging may decrease or even damage. The
research recommended that hardware countermeasures such as inspection,
maintenance and renewal can be used as a demonstration area for
prolonging the life of aging sediment-related facilities.

The future developing issue for slope sediment-related disaster
prevention and mitigation strategy, which was collected relevant strategies
based on disaster reduction and prevention of farm ponds in Japan and
published a report entitled “Trend for Research and Technology

Development of Soil and Water Conservation in 2019: Farm Pond

Vil
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Maintenance and Disaster Prevention and Mitigation Strategies in Japan”.

Keywords : Large-scale Sediment Disaster, Simulation of
Sediment-related Disasters, Mitigation Strategies for Large-Scale
Sediment Disasters, Soil and Water Conservation Technology and

Research Development
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B 4-22006-2018 # & * 2 7 L & F
% 4-22006-2018 £ fr&E LT FE g E L 3R LB Rk
srg | gagpe |TAPEM (1) EARyax
(i (mm)

2006 0609 %= 9 ¢ 35(7) 865.8
2007 0604 % & 17 #1(13) 662.3
2007 0809 .7 18 & #8(13) 1170.5

2007 H ¢ ER(1) s 3%(1) K 3R(1) | 848.1(A %)
2007 | # EB7Eh A 35(4) 1002.4
2007 EREl oy A 35(3) 673.5
2007 T hage b % ¥%(4) 1170.5
2008 | + AR 37 & $8(24) 1123.0
2008 | ¥ #i Wb 18 ¥ 25(14) 1184.6
2008 # 5 ¥ 3(4) 842.5




108 & & * A #) X F 1R R S e

o ns iy e R JR3) R () “EAR 105
(%) (mm)
2008 B bk 3 1 3%(2) 726.8
2008 Freh 1 A 38(1) 1117.9
2009 & I5 B b 1 A 3R(1) 1001.6
2009 IF ek 125 & ¥8(92) 1998.6
2010 0924 % & AL 2R (1) 650.7
2010 1016 % 1 3%(4) 668.3
2010 IR B B % ¥8(8) 1086.8
2010 H A 3R(1) 249.4
2010 ¥R 34 At 38(34) 1256.3
2010 R LRR 1 1 38(1) 656.8
2011 0719 % & 2 ¥ 2R(1) & 25(1) 580.7( %)
2011 1001 % 13 # 28(12) 1308.4
2011 3 35 3R R 7 3 ¥8(7) 1031.5
2012 0504 3.7 1 ¥ 3R(1) 370.6
2012 0610 % 21 ¥ 3R (12) 922.5
2012 % B b 1 2 $8(1) 712.1
2012 PR R 11 # 3% (6) 1382.8
2013 0517 3.7 1 ¥ 3R(1) 356.7
2013 % f Rk 1 1 38(1) 713.7
2013 o 2 3 ¥8(2) 935.3
2013 B RER 14 A ¥8(5) & %(5) 840.9(& %)
2013 E=e 3 2 A 3%(2) 437.8
2013 R4 BR 4 ¥ 2R(3) 868.8
2014 | % E Pk 1 4 2%(1) 207.7
2014 $ AL B R 3 R(1)& R(1) L 2R(L) | 589( % %)
2014 B bR 1 1 28(1) 636.5
2015 0902 3. 1 A 3R(1) 704.5
2015 g R 3 A 38(3) 704.5
2015 | Fa ik 30 A 28(30) 998.8
2016 0611 %= 1 2 $8(1) 616.0
2016 JANGEES ) 1 1 28(1) 570.6
2016 H 6 A 28(3) % 2%(3) 879.0(% %)
2016 FIE R 7 % ¥8(5) 879.0
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R ;’,T/‘;T/fg # L > S S
2017 b 3 A1) P R(1) = 37(1) | 818.6(= %)
2017 | 1011 %4 9 . 2%(6) N/A
0823 N
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Bt 5O BRR $aTE 4TL B €4 2 A% o
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Ik
R

Jui

1 QPESUMS 42 5¢ 7 i "% & 5 3+ F 42 (Quantitative precipitation
estimation, T @ QPE)B 1 5 p & § 3b > ¥ E 4511 QPE R
EEF R AR RTL AN G PR gL E AR SR
FRA % 21,000 B o A 7w K ERFFIPN 2 QPE ERficied 4-1- F
? F LT ffﬁ Dod 3 EA AL TR F)E ﬂ/ﬁﬁrg\‘&af‘, R Rt
FEPGE X F]Z QPE Aoy Rz B ¢ DB L5 %5
2015 F 2 5 %> 2016) bl4r B LG A E K RE A (R
2EL2017); b E QPEZ BT RIS ~ L & ¥ T2 )
REBREFRTES kG -PFPELAHEARO0OL L e RMaig

PH

FEBIGRFER > 2011) > i7& ke B BT SR SRR S
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AFE3 6% 2006/1/1 3 2017/7/31 + 3+ 139 B * hfFBLpER £ F
Al P L FREARPFIE I K EER > AFETHEY BEITRZ G
»z & # & £ (Effective Accumulated Rainfall, EAR):- & = 5\ (e = % >
2017)iF 5 s A PR L3 3 K2 ® 1V dpik 0 4058 (4-1)

1
EARt == It + EARt—l X (0.7)Z ;\‘ (4'1)

—gﬂltépﬁﬁjfﬁﬁﬁ’EARt_lﬁl’J‘Eﬁﬁm}i {"fi':k ’*B

FOTILE 60 AR A EE Y EE S A EA kLG R A R
g @ o s & Bpde 4p fR(Rainfall Triggering Index, RTI) #55¢ » i&
FTRiEDZE R A2 Aeghgr gL, 2l y i A 4 P optaiE s
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BN EE N ERAE R FER LD T Y R PR MY
|55 402009 £ 8 7 4 SR h 1 A 2 AT M Z 2010 # 2 B A
TR CEVHEERT AREFXEEFL T PR AFTAE
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% 4-3 2006-2015 # & & R 74 #3b G F4

R 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

51.7 | 69.3 | 29.0 | 283.1 | 58.9 | 46.0 | 28,5 | 31.4 | 15.0 | 11.7

2L by =21 2h
AR s

Jui

() FE2CERBRSIHEZ RERERLF A
THFREPAEHRIEZLLIRTAT IS F R AT EDE
BUP PUupFHrl 24 | FE)ZAFAERAE T B2 F R
PERALM HRIMI KRB EA T F T S IR LR L ER
FEMERRUTDh G 3 "REERFTRIRLZAGAR > 2%
FEHFRAFAAEEAR) TS EADEFLEZ R EpiE > TH = -
B QPE e 2 &£ R 2 £ R E L F 2Rk ™ £ (Annual EAR ) § A
112006 & 3 2017 & > 5 & RBA 2R EREAS T BI(I-B 4-4);
He > ZpeEP T F % heHRd 2 T E > A B4 200mm(F) -
350mm(+ %) ~ 500mm(4z = %) ~ 1000mm ~ 2000mm % £ 5 7 I
SRR o d 3P 2017 £ AFT Y WEBF 13 70 2 QPEAR B TR &
2017 £ S ERB A G AR EATBERDTH L 2017 £ 1
1370 % et ihEAR,, ,, ©
d BBl 4-4F’§ 4152009 & > 5 & BEo~ 2 iﬁé"ﬁ:‘i#ﬁ%Annual

EARpmax # th e %[ 2 2 F PRISLFFE 2% 0 AP a9 50
FF 7L ded A 2 Annual EAR . A2 1000 mm r2 b 0 2 ik g
Bz Annual EAR,,,, 323 500mm > F|pt F B ed ER2Z E X 2R
GIB L 126 2 > F 230E & 2 )bl 27% X 4o R 3I0E R 3TE 4-4

B 0 02016 & F % T FIHE 2 Annual EAR gy o st it B
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B> BT R E o W 4.6%(19 ) drdk 4-de Bt gEER
£ bl il AR B
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A FERE AT WL G E
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1o el 452 B 46 FHLERY E
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A e o 2o FEL DR
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w2014 2 E < Ry EEy 5 iR

S8 4 63 10 0 (2
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pressure) % 323 % A& (Uniform density) (Brunner and CEIWR-HEC,
20164, 2016b) -

~ & HEC-RAS 2D z #4228 ¥ -k > fesl g 7 > #

BEE R AT

oH o(hu) +6(hv)

+ +q=0 7 (4-2
ot o oy q 7 (4-2)

HeY H=h+z 2 k>3 h i kiF z s REBMHA t A FF U Z

VA EG XA YD w2 ik 0 (s R3IE (source / sink flux term)

2 2
a_u+u8_u+va_u —gﬂ+v ou +8_ —cfu+ fv 79 (4-3)
ot OX oy OX x> oy’

2 2
Ny ﬂ:—gﬂ ov o —c¢v+ fu 79 (4-4)
ot ox oy oy ox* oy’
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B gaEd e B oV hifnabiF Gl o 5 AR BTG

faflad S bR E AT R 2 TR RE A R
IEoom AR B LR A KR4 5T~ R IT 4407 (Eddy diffusion)

B Bk BE¥s3E 2 4454 35 (Brunner and CEIWR-HEC, 2016b) -

RS

7 Zpscie (Discretize) i 2 & F 2 425N o ;ﬁ“g; 4L A
PR IR At > VA BRI AR 3 UL e 2 UM g &0
;¢ (Hybrid approximation) :i& {7 3g4g it o

2. A ARFHFHRLL

ALY 2RSS E S ORI R R BB 421
12 ASTERDEM % & B> HE & e f# 4 5 25km? > 3k e dt + )
% 50mM*50m T p H b2ty Trast > TR A A2 %"‘:}%E%Fﬁé
oo uztig ¥ e lic i 95 28775 B o X ARIFE PSR K R G
™ inArE H A IR E B AT 2N EH HER T Y5 40cms>

MR A BRI R REE R R AT R RAGRER ST HE

B
oo 5 de S R iR R A HpEe & B PR AT RE P ERE

E®niEgsHEt 004 (TR K EZL KR ST &

S
&5
=
ban
RN
#

BoRiEAGREE X 35Kkm IR ERE B D X R T ALY I
T R et g 5 12km

1 HEC-RAS 2D # {7 B3 ot ps » § 3% % AFM 5 A8 2
FFEGF T SAPM S (B 422 B¢ AFFRT e G BAE
&g P oA RSN A i 2 A B (Failuremode) G ETE
FLIRAeE R AR AL B B F RE R S bl TR AR IE L RS
AR REARE T S G o RIDGFMF RN Ve 7
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v ¥k (ki (Breach Weir Coefficient ) ~ i 3 ot p# (Breach Formation
Time) ~ fx#s -k = (Starting WS) 2 & % 45t & % % 4% (Final Bottom
Elevation) % 4p A 2% 7o ¥ E B N2 2 e bz B LG 2 Fr A
FIFEERTTRLFE LB FUFRE FHUEFLEE IR
TR Z K T ERFREPRMERE RF2 SR AT 2 58

TR S M€ RIRL R A BARE o

Bl 4-21 7 3 T3 2 O3B0 T R B

4-38



ek g RRARE 2 B R A 1T

P RHEETFRREPFFHTHERIH NPT N2 T

T2 RGeS RO I AT REET R R R

R i E A PR ok E R R R T S EER
EVRI PRERAJEE TR AR T A HRIE TR B R

FEPFTELE RS RN RED URRL Y R & 46K

<

AR 10487 I A 2 SR e

% 46 FHFEB FEFR

NO. |4 & (m) "%T;f;% ol | EwnE | " Z;S; £
Casel 10 1 50m*50m 0.04 40
Case2 20 1 50m*50m 0.04 40
Case3 30 1 50m*50m 0.04 40
Cased 40 1 50m*50m 0.04 40
Case5 50 1 50m*50m 0.04 40
Caseb 50 0.5 50m*50m 0.04 40
Case7 50 3 50m*50m 0.04 40
Case8 50 6 50m*50m 0.04 40
Case9 50 1 25m*25m 0.04 40
Casel0 | 50 1 100m*100m 0.04 40
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N s

BRMTERZ IFELERE TR F BT REBAITHTERBLE
FR o dod 47 2t7 o FHME R S 10m pF oo Hoarid 22 FOREEAR
95 20x103md s ok £ B A 230m o ok a f 9 5 60x103m? o
FHRPEFEG LT E05km 7T e 7 B LG R L 20m B
EokmA L 97 x103 md o sk E RS 840m o kg K 5 125

\

X103 m? > FHFREFERE ARF LARF 22/ kR Py
5 22km; 3EREE R 5 30m > EOREAE G5 313x103md s w ok k
BX 5 1kmo sk ff 6 5 320 x 103 m? 0 R R B R < 3 RO
20 B TR S F 2 42km; FHF A S 40m pF o FoKH
5 734x103md > k£ & X5 1.5km o -k & ff 4 5 495 x 103
M BB RE R IRE 3 FHEBEPIES ATkm FHE RS
50m pF > EoKREAE X 5 1271 x 103 md > ok £ A ¥ 5 1.54km o i ok
B 5 5 608 x 103 m?» FHE R EFE R 2 2 L RIE 3 R e
% 5.5km o
RIREETET R RRFRFAFE THY R RE S
FHEA TSR 2 B kD ERT 2 EREP RS FREEE NS4
BRGOM2ZEHEY > ELKAFF 20L&
BRERF LIS kg gvE -k 11.9m/s 2 ik 0 19550k 2

e HTALEE 2 R GRS Bk F3FIRiE S 6 mis @ 4k SRR B4 12
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mis> #-k#3 P HRF L@~ LR m AHFL 83~
BIERE2 VA g2 RHEB LR RE RS R R R K
R4 B4 TR T A 57 A& FERE 3 RIFEEkE: §
SRS BT REP R R R P EERRIERN AR 3
T R ARIFEEE R 30m 2 40m Z B Y B ke g3 SR
18 RE 2t 2 55 2 B K3 pr & X 2R354 50m 2 840 £
310 2480 @ MEF R RFEME RE T 20m T o FH TR

E K Ti%%“‘%‘dé’ 1-

54T RERERT L KT EEA

I =" 7 T I = -t
m.ﬁﬁ%@wﬁﬁﬁﬁf arsr | M Gs | 2

(m)| (hr) (km) () | @0'm®) | (10°m?) |  (m)
Casel| 10 1 0.5 FE1l 20 60 230
Case2| 20 1 2.2 Fir 1 97 125 840
Cass3| 30 1 4.2 Fx 2 313 320 1300
Case4| 40 1 4.7 Fix 2 734 495 1500
Caseb| 50 1 55 FiE 3| 1271 608 1540

2 487 RFRFBR2Z B2H G kEHKESFETE

FE 1 FE 2 Fx 3
U o 3 s , oo 3 s , 5o H
Sk e T km [ me| T | kiE | e
N E‘Jé ﬁ‘r s | v ﬁ E‘Jé ﬁ‘r s | e ﬁ E‘Jé ﬁ\ s L 7?!‘
0. N B | iR N IE | iR N B | iRk

(min) [ (M) |(m/s)| (min)| (m) |[(m/s)| (min)| (m) | (m/s)
Casel| 52 05 11| - - - - - -
Case2| 24 28 | 3.5 - - - - - -
Case3| 22 49 6.1 | 40 15 | 8.6 - - -
Cased | 21 7.7 86| 34 3.6 |[138| - - -
Case5| 20 | 119 |11.2] 31 56 |16.2| 57 | 0.89 | 0.17
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d 2 RFERF T R LR EREE R LEEB RV
f&* HEC-RAS 2D A 471 Effe » il 5% ABZE =~ p 4R
B> et LT ESFER AT o 4oB] 423 57 BB RTBRELF
wokFEFEEER PR S AR PR RAFR L RT

PEROPERF I E R2EAS > BN S BB kTR

P AR PR

W 4-23 7 R HH2 b rre KRR
Bk AT fRRRE PR - ok G AR-E KRR 2 B R0 12 iF S (S
Fp CER 2R IEGFERp AFETHEY ACGIS 227 F o dricE
B Aok G AF-F kMY S 2 S K AoR 424 977 0 d X R
Wy A& DEMH A7 R 8 » Frg M3 RALE 30m & F ok
RAS-€ B3 > 2 M3 R A 20m 3 30m %k ##5 &
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Area (1000 m2)
800 600 400 200 0
| . | . |

160

160 - '

B 4-24 5 %k -5 f-H ¢ AH
.,///7\}]?:&;}_%5%]3. é'a‘ﬁﬁe‘?—r’kbﬁifg‘&ﬂfﬁf‘ }\105’7'1_

A

Tk o od Bl 425 BF o X ARHEREE R S 50M BF o sk R PR

BRI RFETHIBI R AR IRk ER SRS
% 0@ X AHEAB RS 30M 2 40M A RFHE R KL R
BHORPIRFE 2 » X P L E D EXARPHEE L
AALERET 20m 0T o B LR R IFF R BEE A2 B
E2o Ny B NERET G RTHEIRLPE R
fofs o BapMF R LA A REE > DR U M S -
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Bl 4-25 2 PR R 2 T AL FF

(=) * FFHuERL T BT

REDEFE ?@£&£Jp5mwﬂ*%ﬁ$wﬁ%$%ﬂ
BRGTRE S RES G RERR O HNRRT AP L
RN G Y E AR RFERTAE TR EF AR ATy
ﬁﬁ&wk%%ﬁﬁw%&ank%ﬁﬁ%i%ﬁ%%%%49@?

o ¥ PEIP A S AATiE o 2 R > 0 Case6 * ZRIFHE A 50m £
%ﬁ@ﬁGOAﬁ&é&i’ﬁi Mgl s LTty - B
BE -HAA 2 PR R NE Amisy % 1908ty - B
FE o HEPnidE 9 L 185m/s o kK ?m%€%¥ﬂ#@mi
gt o
RHKFEMG 0.9 2% od WEGE LHIREPIERIT > e B2 RIF
FUREERY > F 67 RUPBERFL T RE2-REIEFFHF
B He A RA T2 8% 8T 0 FIERR S RIFE
iR EoRe fFETRE S RDEG BRI LT R RREFEEL

A S PR > G A R R = T g o

E
27
&
O
prvs
\z\“
\ "
w
;*E\
axf
pjud
F
=f
(=i
BA
fon
P
o
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3
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2 497 B RFUEPTREL F2H O REKEAFTEE

BT 1 FT 2 FT 3
- G = Y ok RIFE s S S I B | ok
= ‘i i3 ) r—“ =) ‘i ) }—‘ %) ~i i3 ) }—“ /ﬁ' }\
No. | Pl | &~ |, |3 | &= - DIE B L,
| riE | LR | B
PR B PR B 2= T

(min)| (m) | (m/s)|(min)| (m) |(m/s)|(min)| (m) |(m/s)|(km?)
Case5| 20 |119(112| 31 | 56 |16.2| 57 |0.89|0.17| 57
Case6| 11 |152(139| 19 | 6.8 | 186 | 39 |0.92|0.17| 59
Case7| 47 | 78 | 74 | 69 | 38 | 122|121 |087|0.16 | 54
Case8| 80 6 | 54 | 116 | 29 | 9.8 | 206 | 0.86 | 0.16 | 5.1

FER 4-26 ¢ BER F X AEHE B S 50m 2 -k a pF L 30min &
%P%ﬁTﬁﬁwwﬁﬁﬁ’Ewwﬁﬁﬁ$Wﬁ%&§@ﬁ$&&M%%@
25 TacBior MiER B 7 0 FIEKF 2 BREd kwHEE §FHumE
% 30min pF X ZRIET 5P RPN Y BT *K KiEAZME 10m o
20 kg TR RS ey B R A AR 2 8 RGT
3B WM A AL € F B GURGRREA S E i u PR e 5 6hr P
FEPFHEORFRARE 1I0M % B0 0 4 R B R T AR

B E BT g T R BE A GRE ) ERFL RS A

=

UL B ENRS BHFEY AP FR AT 8T 8 P 8 R4
B ERZHRBF KRBT A RS MR X AR
FEFERFAT €HTHY k- LhEF > PO RRS R R RS
A E AT FEAREPELED L ERUR BB DR G o
BAEIR R )T OER IR R TR R ORI iR
B ERR AR PR R AZE - ARG VR IR
Hde TR E R o R 427 ¢ BT F < R E R 5 50m B
Bt pF L 30min &2 Bhr (B P B A GRE AT o FIRE P LERT R
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2 2 FAS 0 FHRIRE R P 3R R SRR b
dOTRE Bt R T BT 6M/S T oA g BRI RE T RS
B IR E R R pE

FPEEOARFERPFREEETEOREXRFETIFE RN Y

i
Ag..
3
=
i
F_&
4
7=
‘\é‘:?\
)/
=
yul
|
B3
e
(&
X

RO RF FAHBARS RS RESELS T A FHEHTRIHE
R B R R G A A Bt Y d AR e i o A B AR
FECETHEFEEZ PR ERE PR i R RE- »KT PSP G X5
Mok ks R~ AR BE TR L ARRE L T M IR 2 AR B IR 1 ARp

BoRTNA R R RFARE

Bl 4-26 FHEE -+ -KiFEA F B (a) Caseb (b) Case8

Bl 4-27 FHEE P & % B () Case6 (b) Case8
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BFRE P FHIROE R LT Rk ATRIEARER 7
FRACEEE R EF R PIAOKIFERZ N WL AB B PR PR K
a2 R B FRRGRERFEY L3 20 KAcR] 4-28
77 (] M E L & 5 2014) o & HEC-RAS #::8 % ¢ > B 5 5 - &
Blonik 2 KIEAR R B DA E - Rz E X E4cB 4-295 & 50m
R B o s 30min 2 6hr 3 BB Y BT 0 Al ok kiR
SRR RSN 2 S AR A BRAREE L VRS R
'%»&E”iﬁ%%@v%ﬁﬁﬁﬁﬁi%ﬁﬁﬂ
MR  F e BERRES RS OBERFY ERFE R
WA EE T AR DEREPTHITLEEEFE  F LT Y

B ER o PR AT SR N AR T AR R B RA B HR AT

-

Bl 4-28 -k kgpps . BV ¥ TR onid 2 ORIFFR(CL S
% > 2014)

-

B 4-29 FH-kiFFiniE B~ & # §: (a) Caseb (b) Case8
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(Z) F b iefe | 238 8 »cdk A 49

i

dIREP LT LRI REIF)IEE RS G M A F R HLA
FAREPE RS RNTEREHR o LR A 47 3
VR EE R A AT R R SRR P RE R a7

E“?é

?‘TF

FERRHAFRT EETFEEF R d wEL LT ER
RECTRFFTHEELFAATHTIFER 2 E R ESY

g
¥

- BHCAE R TR R hPER O ded 410 o 0 F AR
50m*50m e fiE L - BRH T E - BEPRF TR ERS N
e d B EETRAOBEFH A5 R X RFEWAR K6
FRfer [ RUF RpAALKREFTRE FEELL §EFRRER ]
Uil F R0 a §REY BRI ERFTIES - BrREP L
4

RpE e A 2 R kB

4 4107 BIBE A FB2Z VR

No. o |FEPER()| X ARFERE | FHEAL
Case5 | 50m*50m 1.5 ¥ 4
Case9 | 25m*25m 5.5 A X 2

Casel0 | 100m*100m 0.5 i vz <

o 2k A
. .ft‘:; @41\)

MILA, X X ARIFREFI N F AT I # e R
BEE 3~ AR EZER D LR Fals s T o B i
PR RF AT IHFILAF RREG S FMAR L c AFY ;;;%@}I%
B2 TR EERE AL B ORERA N HRL B R R

(=) fI* HEC-RAS 2D #i-3% » ¥ fi53% @ i 4 (6 P i P SE P

itz E R RFES i s Bk REFRFEF ke ff 53
FRR SEFEPIE RS EE 2P 8% &

a“?‘é

,EIS

(=1
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PRI ETEF S ELHR O EREE kR
AR LT o
$* HEC-RAS 2D = @ -KIZH:N » 4 s 47 kit % ki 38
#5351 o %%@%ﬁ}%;@’f’/}ﬁ’r PEFSE S 2 B8 B 7 i
RAER A 2 2 R KPR i R S
Ak o FHTELE X ARFRUELAPTIRT > BFRFALITE
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FPHEELRRORFZLZALRBHE (3 1~-3%) F@Ear i AR
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(<) HENERE

# A RE e 45 - PAP Pro2 ~ Marvic Pro ~ + 3+ 3% GPS ~ e-GNSS ~
B BEARR > FRE A BB BE IR R B T LA B
Rp) R CABTENENERAE (2 A1) - EREREREL

Mo Aded 4-12~ % 4-15 957 o

241N ERERE
RE LA i e

i
fods/L p s
P4P Pro2 kB iF s
T34

%

H 7
po/Lpd
Marvic Pro kB iFpe
B

K

A I R g
L4 GPS | prieE Ak
B A i
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EGNSS
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B 2E
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% 4-12 PAP Pro2 3t 1t 3% ~

#iTE
B ACETERD 1358 &
BhiE 350 mm
J EH s 16 m/s
L 4 b
Bttt RS 1 /s
B X TR PR LW

iy 13 m/s

Bt kT TR

FEd 5 T2 km/h

Z A 5% 1 b8 km/h

#5500 50 km/h
Wit ¢ 42
o A A % REHS 35
T 25
e : s 12507 /s
RUGRER Zifs 1507 /s
A AR R 6000 m
Bt T ORE R iE 10 m/s
B H TR £ 30 ~ 48
1 FREER 0°C 2 40°C
Fh e GPS/GLONASS B #3-
iz 0.1 m ((#Fu%j ifiﬂzfl rrp,s))
. - +0.5 m (GPS @_i= it ¥ 1 1¥pF
PO BAR o +0.3 m (AR 2 im ¥ 1 (FpF)
+1.5 m (GPS = =1 % 1 i¥pF)

i

1 &~ CMOS

4 s ifk 2000 §

FOV 84" 8.8 mm/24 mm (35 mm # 5% % )

B /2.8 - /11 AFEHE (HEERL D - 25 E)
5 1100 - 3200 (p #) ;100 - 6400 (£ #)
INUGE 2 B 100 - 3200 (g # ) ;100 - 12800 (=)
WP B 8 - 172000 s
TF R R 8 - 1/8000 s
e

S W
%‘% ’L,ﬁ wb

3 (ipir > FIR - L)

I R e -90° % +30°
B R et 90° /s
R R +0. 02°
KA s
R B e F 0.2 - 7m
FOV K707 0 £E £10°
BB AR 10 Hz
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% 4-13 MAVIC Pro #8150 3% =~

# 7
® < H83mm x W83mm x L198mm
hE 335 mm
ER(FRP2#E)|B4g(reg2okly) T3 g (s 32 oFEY)
B P AR R FHH L5 m/s

BATHGR

3 m/s

Btk T R

65 km/h (i8@& #5530 > /3 T o "iT & b TR )

Bt AR

5000 m

B TR

30 ~4 (&R E3H 25 km/h 3 & 4#17)

BE R RpERE

27~ 48 (&R EB)

Ho2p 2
L Bl

FOC

Bk Al A2

15 km (& & %3 )

1 FRBRE R

0°Cz 40°C

Fh T

GPS/GLONASS E#-

- v
i s -90° 1 +30°
v ke g ] ——
BE 02907 (#K4p 2 BdpisY)
k% 3—dh (- > B IR 0 hdi)
i
B g R R 1/2.3 &=~ CMOS ; 3 »xifk 1230 & (i ifFk 1271 §)
FOV 78.8° 26 mm (35 mm # 3 E»x) {/2.2
BFF
¥WEZ 0.0 mI &% w <. b%
8 1100 - 3200
IS0 # 7]
e 2100 - 1600
TF iR 8s -1/8000 #;
B 5%~ 4000x3000
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e f 2 SR TR 1

4 4-14 £ 3 X GPS £A il 3% ~

&G IR
F g BRAEETL Y
ik k5L GPS+GLONASS
i REA <10 == > 95% ~ RMS ~ Typical ~ #& S/A +4 ™ ~ E 2 >
Flox M AR R LRI M
Bt X 2.6 424 TFT & ¥ % 5 160x240 2
AERF RN micro SD =g+
72 Sl [PXT(-k™ = 2= 5 30 ~ 48P 2 7K)
P TR -20°C ~70°C
FElRPLE 230g (z &)
Bl ro) 6.1 x 16.0 x 3.6cm
74 ER 516 ] pF (F L 50%2% > BECGPS)2 % 3 57
paEREG T F 8 GB
@@?J i miniUSB
ﬁ‘s‘i@ﬁ%} 2.4Ghz ANT+ / &7 4.0
< AR R AL LS Lk SL(TWD6T) ~ WGS84(TWDIT) ~ WGST2 ~ i@ * ﬁ piTER ARE
e 5 EER S LB RAT EE U'I;M:,L/EUPS ~MGRS 2 2 i * & p 7 T &
T AR AL FEFATS S
SRBL ) SRR 5,000 ghixgk / 200 iEssm /10, 000 Sopr 2
Tedk 200 iF S 2o 45

% 4-15e-GNSS R6 # # zb R (E i 3 ~

Code 5 A 4 GPS i

kT +0.25 m + 1 ppm RMS

E

+0.50 m + 1 ppm RMS

- 4 < 5 m 3DRMS

WAAS Z & i &

>

F22 N[; —fp.}i‘i £ ,’!t: GPS 7 :ilé_

Tk E +5 mm + 0.5 ppm RMS
S +5 m + 1 ppm RMS
R £

ki +10 mm + 1 ppm RMS

S +20 m + 1 ppm RMS
e R “ i <2 - 304
Fodn it Ft -4 > 99.9%

FL A8

=~ (WxH) 19cm x 11.5cm # #2:@#& =

£ 1.35 kg

it i IPXT 2 k&E % ¥izr>-kT In
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(Z)FPARFDE

SEER R T EAHERCE FH kR RSN X B
KRN A T2 Sl RR A AED A2 A RS-

BEFPRTABA LA ONEE FHRIVEEDEZ 25 RID
AL AIRIALEFT R RENE o ERRD RIS (RF
Ro2017) Mz AR EAh R IR EAPERETH R
SigrE e R B et o HY > R ERFNE L4cE 4-16

o

=

o

FoB TR B AT

4

s
)

gL
[=X)

2. & - BUTe M EFIE (S FEEEY) 2 R (XL FE
) BRI AZRIZEF 2 LG RUT > F - BETR LA T B
BB o plEEZ IR (FARMET % o
3. - BRIBERIT A 2 RT o PR AP R TALYE
B dej A b AL o
Fd PARALA T ERZE R O REEHESNT AL BNE
Yen (2002) R EATF F ot AR doPRRITIAARE #
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S N Zoge (dy) | ax=k/d, nzcnxkg/ﬁzmsT\/a
Ackers&White (1973) dss 123 | 0.0431d35Y
Stickler (1923) dso 3.3 0.0509d50Y
Keulegan (1948) dso 1 0.0417d50v°
Mayer&Peter (1948) dso 1 0.0417d50%
Thompson & Campbell (1979) dso 2 0.0468d50%
Hammond et al. (1984) dso 6.6 0.0571d50Y6
Einstein & Barbarossa (1952) des 1 0.0417d65%¢
Irmay (1949) des 15 0.04460d65°
Engelund & Hansen (1967) des 2 0.0468d65
Lane & Carlson (1953) dzs 3.2 0.0506d75%°
Gladki (1979) deo 2.5 0.0468d80
Leopold et al. (1964) des 3.9 0.0523084%/6
Limerinos (1970) des 2.8 0.0495d84%/¢
Mahmood (1979) das 5.1 0.0547d84/6
Hey, Bray (1979) das 3.5 0.0514d84Y
Ikeda (1983) a4 15 0.04460841/°
1/6
Colosimo et al. (1986) des 2 88222323%
Whiting & Dietrich (1990) des 2.95 0.0499d84%/6
Simons & Richardson (1966) dgs 1 0.0417d85%®
Kamphuis (1974) dso 2 0.0468d90Y°
Van Rijn (1982) doo 3 0.0501d90

F R k&R Yen (2002) - Open channel flow resistance
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The Village-unit-based Warning Model for Predicting
the Risk Zones of Rainfall-induced Slopeland Disaster

En-Ju Lint2*  Chen-Yu Chen®  Jyun-Wei Chen¥  Wan-Yu Chan ™

ABSTRACT To improve the spatial precision and the accuracy of landslide disaster warning
system, usually, the spatial unit of the warning model is based on the QPE grid or slope unit.
But those results of methods don’t correspond with the village-unit-based or administrative-
region-based warning from government. This study aims to establish a warning model for
predicting the risk zones of rainfall-induced slopeland disaster. We integrate the definition of
rainfall-hazard index (Hr) based on frequency and size of new-landslide inventory during
numerous years and the physiographic fragility index (Fr) based on the QPESUMS data into the
risk level of rainfall hazard (Rn) index. Then, we use two statistic methods to find out the village-
unit-based or administrative-region-based warning thresholds. The result shows that, during
the Kalmaegi, Morak and Fanapi typhoon events between 2008 and 2010, the village-unit-based
or administrative-region-based warning model based on Rh index and thresholds finds out the
real time warning before the disaster happened in Liugui County. In addition, the model
improves the accuracy of warning system and fits the real landslide events better than the
current warning model.

Key Words: Landslide, Risk level of rainfall hazard, typhoon, warning system, debris flow warning
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Simulation of Debris Flow Disaster and Influence
Zone in Renhe Village, Nantou County

Chia-Hsing Lin™2" Chen-Yu Wul¥l Jyun-Wei Chen™ Chen-Yu Chen ¥

ABSTRACT On 15 Aug, 2019, a debris flow occurred and rush into downstream village in
Nantou County and caused 5 residential were damaged and the in situ survey showed that the
deposited sediment was estimated 45,000 m3. A debris flow model based on the constitutive
equation derived from energy conservation and is suitable for debris flow and sediment laden
flow was applied. To analyze the debris flow disaster and influence zone, this study uses the
digital elevation model (DEM) prior to the event was set as initial topographic data and field
investigation data and the posterior DEM was produced by UAV aerial-photo to verified the
simulation result. The numerical model can provide the estimated characteristics of debris flow
hazard zone, flow velocity, and deposition depth. The simulated result can providing public
agencies with necessary information for disaster prevention, mitigation, and evacuation plan.

Key Words: Debris flow disaster, Influence zone, Two-dimensional numerical model
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The Landslide Dam Breach Simulation - A Case Study
of the Meihua Potential Large-Scale Landslide in
Hsinchu County

Chen-Yu Wul¥  Chia-Hsing Lin™®  Kuo-Wei Chen®™ Chen-Yu Chen”

ABSTRACT Facing threatens of large-scale landslide disasters is widely concerned in Taiwan
when global climate change. In order to decrease the risks of large-scale landslide disasters,
Soil and Water Conservation Bureau keeps committed in preliminary large-scale landslide
investigation and disaster prevention, including 34 high-risk potential large-scale landslide
areas have been proposed. According to the landslide dam standard operating procedures, the
large-scale landslide covered the river, landslide soil reaches opposite bank, and the minimum
accumulated height is greater than the water depth, the landslide dam is formed. Therefore,
how to assess the impacts of second disaster after a landslide dam breach is an important issue
in disaster response works. This study choose a high-risk potential large-scale landslide areas,
Meihua-D052 in Hsinchu County, for a case study of landslide dam breach. Using free two-
dimensional flood routing model of HEC-RAS model, this study simulates the process of dam
breach and analyzes the characteristics of flooding wave, such as the flow depth, flooding arrival
time, and inundation area by the preliminary assessment of landslide dam possible height.
Based on the results, the local government can not only set early-warning criterion but also
decide emergency evacuation plan for reference.

Key Words: Landslide dam breach, Impact areas, HEC-RAS, Large-scale landslide.
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Numerical Simulation of Debris Flow Potential Disaster

In Da'an Tribe, Miaoli County

Yu-Po Linl " Chia-Hsing LinlY121  Chen-Yu WulYl  Chen-Yu Chenl!
ABSTRACT : On June 2019, the landslide occurred and sediment deposited in the upstream
of debris flow potential creek in Da'an tribe, Miaoli County (No. DF075, Miaoli County). The
safety and risk assessment of debris flow disaster and sediment-related disaster influence area
is needed. In this study, the two-dimensional numerical model of debris flow was applied to
simulate the debris flow influence zone and deposition area and damage assessment was
discussed. The numerical boundary condition was set as input discharge hydrography which
was using rational equation cooperated with triangular unit discharge to obtain. The sediment
concentration hydrograph was obtain from field investigation data. The simulation result of
debris flow overflow location and influence zone can provide public agencies for evacuation and

mitigation plan.

Key words: Debris flow potential creek, Numerical simulation, HyperKANAKO model
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Use Visualized Integrated Rainfall-Infiltration-Slop Stability
(IRIS) Model to simulate Slope Stability subject to Rainfall
Infiltration — A Case Study of Renhe Landslide in Nantou

Jyun-Wei Chen®™ Chen-Yu Chen™ Yu-Po Lin™?  Chen-Yu Wu®

ABSTRACT Anintense landslide disaster at Renhe village, Nantou, Taiwan which resulted in great damage to
the houses and bridges was triggered by 0815 torrential rainfall in 2019. This landslide was occurred at the top of
the potential debris flow torrent DF126, and induced the debris flow after a while. A visualized integrated rainfall-
infiltration-slop stability (IR1S) model was selected to simulate Renhe landslide. In this numerical model, simulation
of slope stability is divided into three parts. In first step, 3D Richard’s equation is selected to evaluate the variation
of water content. Moreover, the finite-element method is chosen to solve the process of rainfall-infiltration. Secondly,
the concept of limit equilibrium using Janbu’s simplified method is utilized for slope stability analysis. Further, the
critical slip surface is determined by dynamic programming method. Afterward, the correlation between variation
of the water content and critical slip surface subject to rainfall infiltration are visualized in animation. The results
indicate that landslide occurrence time, failure slip surface and the variation of water content can be effectively
simulated by IRIS model.

Key Words: Rainfall infiltration, slope stability analysis, visualization, integrated rainfall-infiltration-slope stability
model (IRIS).
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The preliminary study on the general situation and
trend of Taiwan’s structures of watershed management and

erosion control
Yung-Chiau Lint?* Chen-Yu Chen™™ Jyun-Wei Chen*! Kuo-Wei Chen

ABSTRACT The sediment-related disasters were frequency in Taiwan because of special
geography environments and torrential rainfall. The constructions of watershed management
and erosion control played an indispensable role in management and conservation of soil sand
disasters. This study collected 3,549 survey results of structures watershed management and
erosion control since 2014, including 2,684 groundsill works, 686 non-permeability
dams and 179 permeable dams. Then, the different methods and trend of disaster prevention
structures were analyzed. The methods, damage state and the reinforcement measures are
expected to provide future disaster prevention measures and research references.

Key Words: structures of watershed management and erosion control
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Warning Model for Predicting the Risk Zones of Rainfall-Induced
Slopeland Disasters

Chen-Yu Chenl"  Jyun-Wei Chenl’l

Kuo-Wei Chenl

Yung-Chiau Linl'12l

ABSTRACT Slopeland disasters miggered by rainfall are related to geelogy, topography, and vegetation conditions;
Bowever, most warming models are only guanti fied for rainfall indicators. For example. although the current debris flow
warning model in Taiwan and the sediment-related disaster warning model in Japan employ ditferent critical lines,
indicating the differences in the geology and termin of the two regions, these models do not comprise a defined set of
quantitative assessment methods for expressing the physiographic fragility of cach region. In this study, we used his-
torical relative rainfall dota from QPESUMS 1o define a ranfall hazard index (45} and adopted the frequency and scale
of new collapscs in cach QPESUMS mesh to determine a physiographic fragility index (#p). Then, we mtegrated these
two mdicators to obtain e risk kevel of rainfall-induced bazand (#2) for each QPESUMS mesh durmg a typhoon or
heavy rainfall. Finally, we considered rainfall events from 2005 through 2007 in Liougoi Distnict of Kaohsiung City as
an example. The results mdicate that the waming model can predict the occumrence and location of new collapses and
also display the nisk zones of rinfall-indoced slopeland disasters through a visualization platform.

Key Words: Disaster, frugility, hazard, landshide, warning system
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Fig.1 Flow chart of the study process
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1.3 km)iy QPESUMS #af& = 22 &R (51 ¥5F (Quantitative
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A E L QPE #IE(F BEAEE LT  FR(ER 2 lREHE &

mulated Rainfall, EAR) SF5LE » #0158 (5) ¢
1
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Fig.3 Accumulated occurring probability of rainfall-in-
duced sediment-related disaster
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FE TR » 67 43 (HFEE (RENEE 1857 3.6 (E2CEMEHTS) -

P ~ PSS - BREIED - PRERE © IR R S

(4) = BEFR » HBOPRES IR PO il S e 5 ] e N
B4y 0.1ha » AHFFC L EL & BTG 2 &5 9 RE T A Bt f i
HWNES 0.1ha 2%+ BB R e AL R SR -

RS AHT AR > 3B 55 S LR (UM AT
FEMEHL 2005~2014 S5 A Fripim i /E A 2 dk DU I i
— (il QPE #gf st I Ha gy AT - FERL 2015 J2 2016 275
HebaE T gt - Hoop - 2005~2014 AR B A i AR AR 2 4
FHA 40 18 - IEEEAREREA 188 - B Ak

T e e o T ‘2008)
#F2 [FREEEREEHRZER
Table 2 The definition of rainfall-hazard index (Hg)
EEEFH 1 2 3 4 5
BHE Ees HE ihen A fifEhs
{5 H, <EAR;0 EAR;o~ EARG EARg~ EARge EARg~ EARys >FEARgs
#= 3 QPE R 110025 @+EfEMEFIEIRE Hr HER
Table 3 The value of rainfall-hazard index (Hz) on No.110025 of QPE mesh
EAR EAR ;s EARs, EAR g EARgs EAR
171 mm 313 mm 525 mm 738 mm 815 mm 1266 mm

F4 & QPE @R EMN 2B FHRERBHER (m?) RARSE (Hi)

Table 4 Annual new collapse area and related statistics in each QPE grid (excerpt)

QPE4EEE 20054  2006fF 20074 20084F  2009iE 20104 201145 20126E  20134F 20144 20156 20164F N, A,
101641 0 0 0 0 0 0 0 0 0 0 0 0 0 0
102962 0 1,685 0 0 0 0 0 0 0 0 0 0 1 1,685
106935 0 0 0 0 0 6,366 4,833 0 0 0 0 0 2 5,599
109585 2,209 18,898 0 0 0 144,656 18,866 1,609 9,446 0 0 0 6 32,614
110025 6,471 99,080 8,183 8,758 32481 130,574 2882 5,981 6,124 1,338 1,717 2,125 10 30,187
108261 24,127 16,881 0 3,454 5029 274,572 60,048 0 4,893 0 0 0 7 55,572

Ni : 2005-20 14 SE 4 = (Rl

At 2005-20 14 5P L0702 i B AR (m?)
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R RS el e B S BEAE & » AR I0REI = B
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e ry BT NG 38 b SCHE GG S AL (Physiographic
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bt RS A 2 Rl - TR ReaAR LR - IR Z
S B SENED Rl - BN Bt E SRS SR - A
BROHEMEN Z B EFEER (FR) s E
$EBE (P B ERSENUR e T IR IR
(Risk level of rainfall-induced hazard, Rx) * 5EHIfE 6 = Hdr - 1
REES B G B S E 2 RE RS 150 mm 2L
e ] 6 EAR /NFY 150 mm B - B Ry (I S R

F*6 ARG IRIRERERER
Table 6 The verification results of physiographic fragil-

ity index
. i fe A [ b SRR SR S AR A A
S g%igﬁ A B C D E
- (58) CBy  OEED (B9 ()
2015 14 0 2 1 4 7
2016 6 0 0 1 1 4

area

Feffl  EEREMNL et e ER

0 40 104 A S 4 HA A i
0~10 35 HAER1~27  FHH0.1~4.0 ha B s
10~15 18 HiR3~470 » TH0.3~7.9 ha c
15-20 15 HiHR4~570 » Ef0.6~3.5ha
20-25 13 HAERS~67 » T 1.2~4.7 ha D -
25-30 7 HilR6Z - Ef1.7~63 ha
30~35 8 HiHT~87 » EF0.6~5.5 ha R —
=35 11 RS~ 107 » Fifi1.0~4.7 ha :

2. BEFRENSE A PG % K 5anE
B BREE AR [E SR 5T AR AR A (2005/7~2017/7)145
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7 WA » SRR 4 IR TR b B G AR S DIRG9 R T (oM T > 8 R <66 L 0 98 A - A

(c) REBEEMRE - (d) REEHFHL
Fig.7 Timeline of changes in rainfall-induced hazard level and new collapses during rainfall events in previous years. (a)
Baolai Vil., Liugui Dist. (b) Xinkai Tribe, Liugui Dist. (c)Launong Vil., Liugui Dist. (d)Xinkaishan, Liugui Dist.
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HE 7 2 &SRB RUFERR I 2 PR B e S e TREHARE B 2 ey A I B BT B 2 B B oA
WARTEBIHTHNRA 2 B - Bl - 3 7 25 (ERFREE8 SR 2 AT LB S R T ) B - RE - R
TP R Pl SO ] 0 S S I S e T R B A A0 RET IO A B et 5 dE S S WebGIS
Rt BRI FET) T & o TR 40% PR AR B BT R B AR LA Bt 20 - b S B TR, - AR
AR B AR e S AR (T R R e SESH R A RSN AR SRS - ViR DUETTAH RIS AT -
T 2 - LA - iR Ha ] 7 DA 1] 2
=7 BEEMBUE SRR AR
Table 7 The risk level of rainfall-induced hazard and proportion of new collapse in previous years
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3. BRI R UGS it BE R RIERE

VK £ REF ) 2006~2017 SFERATAILY 464 P AR
S BB 35 (FEALREH Sl 7
PR SE R B 28 PRI 7536 SE P12 2 L3 A4 -
SYHTIL 28 P B LT S BUFTAE 2 QPE SRR TIIEE
SBARN G B AGR) B B(P) T2 LR
60.7% » B 35 - ik R IR 2 A SEDUBEL > DGR
TR OFE) FERAE SRR KB
L AT RIS RN 2 SR
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SOTHE PR BB T ARSI » ELFING 0 e AL
S 302 QPE H9HS 2 RENTE SRR 8 1 -

P AR A B S 2 R A SR O T S
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il o AHFEHE T 28 Rl R R BIE R R E
Al HPR{E QPE SR3a Hd FIFFTLE QPE 898 2 [ 87
Y B AR LT - Hich o 92.9%2 BEAH R BTN A BT
Dl o ) SRR SRR - 82.1% 7 Bk 10 SIS 4 it
B | BSOS - S5 39.3% 00 R BOEEg
SR PR 9 o RE A S B AR - £ 10 FEsRr
T [l S 55 J AR b BEAC b S8 B A i B S
TR ALY - PSR S T ) - MRk
FH Y i E - WA ECE AT - JLAN > 2016 47 fEH6REE
CEERE TSRS SRN T DF09T 2 WA - bl pim
QPE 48#& (4@ 109142) K - i CREga ey C - SULECE
iy G LT I e - e S B A i 1 /MR L B SRR
Mg T opE o HOHE D B QPE 4468 (4R%E
109141 - BZRGEEIE 1y D) Rl - HIEECE mis e T p
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Table 8 The statistics of physiographic fragility index in historical major sediment-related disaster in Liougui District

woanmes | OVELDUREE  gpoy | SORETIEGAEE g0
A () 6 214 1 36
B () 1 39.3 9 32.1
C(BE59) 5 17.9 2 7.1
D (&) 2 71 6 214
E (5i83) 4 143 10 357

£ 9 ABEEFEALIW MY QPE B8 RECEER SR
Table 9 The statistics of risk level of rainfall-induced hazard before historical major sediment-related disasters in

Liougui District

SR Rt RE SRR R RS G 4

i i HefeL (%) [ ELE] (%) iy ELffL (%)
2006060955 2 2 100.0 1 50.0 0 0.0
20074 HiEEE 1 1 100.0 1 100.0 0 0.0
200847 KL, 4 4 100.0 4 100.0 0 0.0
20094 55517 55 I, 15 15 100.0 14 933 11 733
20104F FLHP LL B, 3 2 66.7 1 333 0 0.0
2012406105255 2 1 50.0 1 50.0 0 0.0
20164 F AR, 1 1 100.0 1 100.0 0 0.0
gt 28 26 92.9 23 82.1 11 393

%10 ABEEATWEHIEES QPE @EEHRBCLEKES (95
Table 10 The risk level of rainfall-induced hazard before historical major sediment-related disasters in Liougui District

(excerpt)
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Fig.8 The display platform of risk level of rainfall-induced hazard
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The Landslide Dam Breach Impact Assessment - A Case Study of the Hokkaido Earthquake in
Japan

Chia-Hsing Lin (#£2¢#l), Chen-Yu Wu(%2.454{7), Kuo-Wei Chen(Pi i), Chen-Yu Chen(ffi}z )
Soil and Water Conservation Bureau, Taiwan (5775 7K G2 15/E)
1. INTRODUCTION

A large-scale landslide near Atsuma Town, Hokkaido, Japan was induced by 6" September 2018 Hokkaido Iburi-Tobu
Earthquake, causing natural dam and barrier lake formed. On September 6, 2018, in the early morning and JMA magnitude of
6.7 earthquake struck Hokkaido, Japan. The Iburi-Tobu Earthquake event resulted in 36 deaths (Yamagishi and Yamazaki, 2018).
The large-scale landslide formed a natural dam of 40 ~ 50 m height, 400 ~ 500 m width, and dammed the river about 1100 m

lanath in the flaw directinn and racnltad in a harkwater lanath af 7 km lanag (Fiag 11 Ta cetodye and nndarctand the averall imnact

saw s sassfsemesse e wamsswas ewers maswa S [aatsaes wowars | ae s ams wespsmas) seesivs sasw e wwaps e rrass semsmssasmasiees wrpe e s

over 3 days from September 3 to 5, 2018 (Yamagishi and Yama/akl 2018). To analy/e lhe sediment disaster condition, lh1s
study uses the digital elevation model (DEM) data from the Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) Global Digital Elevation Model Version 2 (GDEM V2) and orthophoto from the Maps of Geospatial Information
Authority of Japan. The resolution of GDEM V2 is 30 x 30 m. The large-scale landslide formed natural dam of 400 width in
right bank side, 50 m height, and sediment blocked the river about 1100 m long. The barrier lake water surface is 92 (m) on
October 1, 2018, and 97.8 (m) on March 18, 2019 (Hokkaido, MLIT website, 2019).

(2) Scenario of natural dam breach simulation

This study used the Hydrology Engineering Center River Analysis System 2D model to simulate the flood propagation and
dam breach analysis. The HEC-RAS 2D can be divided into three modules. The geometry data was developing from the terrain
model and convert it into a gridded data format. The detailed and accurate hydraulics model relies on the quality of the terrain
model the user can import. The boundary condition types are flow hydrograph at upstream and normal depth at the outlet. Once
the simulation was complete, the results can be viewed within RAS Mapper for inundation areas, velocity, water depth, and other
types of output.

The simulation has been made for unsteady flow routing for 2 days duration. Based on the GEDM V2 terrain model data,
the simulation domain could be identified as Fig. 2. The parameters used in the model were listed in Table 1, and the mesh size
is 50 x 50 m, dam height is 50m, and with different breach formation time (0.5 to 6 hours). The hydrograph of the discharge
could be estimated by the rational formula and imposed as the upstream boundary condition for overtopping failure breach
analysis. The estimated elevation-volume curve of the barrier lake (Fig. 3) is also imposed at the upstream boundary of the
computational domain for this dam breach simulation.

3. RESULTS AND DISCUSSIONS

The results of the flood map indicate that flooding and rapidly flow is observed in the downstream area. The flood wave
arrival time result showed the short breach formation time was earlier than that of the long breach formation time. The simulation
using short breach formation time showed that flow depth, velocity, and inundated area much larger, and a flood wave arrival
time earlier 2 to 8 times, than that modeled by the longer breach formation time cases (Table 2).
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4. CONCLUSIONS

HEC-RAS 2D has a graphic-user-interface for unsteady flow hydrodynamics analysis and it can easily setup the model to
estimate potential impact risk of a dam break. In this preliminary study, the simulating of inundated areas, velocity, water depth,
and outflow of dam break were estimated. The result indicates that the outburst of the dam breach increase the impact of

U e g

Fig. 3 The estimated elevation-area-volume

Fig. 2 Study map of the natural dam location and simulation domain curve of impounded lake

Table 1 Parameters of the simulation

Water supply Model Empirical methods and their breach formation time
Case Failure discharge parameter Method Chyy
Number mode

Q, (m¥/s) n hy | Gy | T MacDonald et al (1984) 0.96
Run 1 40 0.04| 50 | 26 | 0.5 Forehlich (1995) 0.33
Run 2 Overtonpi 40 0.04| 50 | 2.6 1 Forehlich (2008) 0.3
Run3 | o lopping 40 0.04] 50 | 26 | 3 Von Thun & Gillete 1.05
Run 4 40 004 | 50 | 2.6 6 Xu & Zhang (2009) 1.14

- 7
Note hy : Dam height (m); (”“‘: Breach Weir Coefficient (-); ! Breach formation time (hour);
n: Manning’s n (s/m'?)

Table 2 Summary of dam breach analysis

Case Village | Village 2 Village 3 Inundated
NLlrr;bcr Arrival Depth Velocity Arrival Depth Velocity Arrival Depth Velocity area (km?)
time (min) (m) (m/s) time (min) (m) (m/s) time (min) (m) (m/s)
Run | 11 15.2 13.9 19 6.8 18.6 39 0.92 0.17 59
Run 2 20 11.9 11.2 31 5.6 16.2 57 0.89 0.17 5.7
Run 3 47 7.8 74 69 3.8 12.2 121 0.87 0.16 54
Run 4 80 6.0 54 116 29 9.8 206 0.86 0.16 5.1

Keywords: Flood routing, Natural dam, Two-dimensional simulation, Dam breach analysis.
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Development of Visualized Integrated Rainfall-Infiltration-Slope stability (IRIS) model

oChen-Yu Chen, Jyun-Wei Chen, Chia-Ilsing Lin, Chen-Yu Wu
Soil and Water Conservation Bureau, Taiwan (572575 [ £ )
1. INTRODUCTION

Rainfall is one of the most common causes of landslides. To understand the mechanism, occurring time
and scale of landslides triggered by rainfall, the environment survey, setting up monitoring systems and
establishing numerical simulation are the essential method to reduce casualties. According to the past case
studies, the integrated rainfall-infiltration-slope stability model (IRIS model) can be applied to simulate the
process of landslides during rainfall, and it is able to predict the occurring time and scale of landslides. This
study improves the existing unfriendly user interface of IRIS model, and develops the visualized tool to display
the change of water pressure in the soil and critical slip surface of landslide simultaneously.

2. MATERIALS AND METHODOLOGY

(1) Integrated Rainfall Infiltration Slope stability (IRIS) model
This study used the Integrated Rainfall-Infiltration Slope stability (IRIS) model to conduct the slope
stability analysis. The IRIS model is divided into three stages. Firstly, the variation of water content is

+ Geometry profile + FEM method * Coupled analysis
Fig. 1 The operating procedure of Integrated Rainfall Infiltration Slope stability (IRIS) model.

(2) Framework of visualized IRIS model

While the IRIS model had been verified the applicability for the simulation of landslides triggered by
rainfall, its user interface was unfriendly (Tsutsumi and Fujita, 2008; Chen and Fujita, 2014). This study established
a visualized user interface for IRIS model, and it is easy to use based on step by step procedure (Fig. 2).
Moreaver. the nrooram of visnalized IR1S model also offers the function of exnortine dvnamic GIF which can

Fig. 2 The framework of visualized IRIS model.

(3) Case study

In this study, a landslide occurred at Wushen temple in Nantou, Taiwan will be introduced. During the
torrential rainfall, a landslide near Wushen temple in Guoxing township, Nantou was occurred at 3:00 p.m. on
15th June in 2017. According to the precipitation in Changfeng rainfall station, which was the closet rainfall
station to Wushen temple, the accumulated rainfall at slope failure time was 275 mm. In order to establish a
post-disaster survey report, an unmanned aerial vehicles (UAV) has been used to investigate and measure the
spatial information of this landslide. Afterward, a digital surface model (DSM) would be produced and used
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to map the landslides zone. Morcover, the digital elevation model in 2011 which before disaster is used to
compare with the digital surface model mentioned in post-disaster survey for estimating the landslide volume.
Therefore, the landslide volumes can be estimated by the area and change of height. After estimating, the area
of erosion equals 2,729 m? and the landslide volume equals 19,278 m’ (Fig. 3). The parameters used in the

3. RESULTS AND DISCUSSIONS

Because of the inhomogeneity and uncertainty in geology, this study tests different values based on the
typical properties of sandy loam for back analysis. The test models of different values have 48 cases as shown
in Fig. 5. Therein, SWCC is constant in each simulation case, and ¢’, ¢ and £, is variable for 48 simulation
cases. The best fitting result was shown as Fig.6 (k, =10 m/s, ¢'=1.52 tm’ & ¢'=31°). The landslide
occurrence time of the simulation result was similar with the actual landslide event. However, because the

Keywords: Landslide, simulation, IRIS, Visualization.
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Apply HEC-RAS 2D on Natural Dam Breach Assessment

Chia-Hsing Lin"-? , Chen-Yu Wu ®, Yuan-Jung Tsai®, Chen-Yu Chen®

| Abstract |

This paper applied the HEC-RAS 2D to analyze the natural dam break and resultant floods based
on field investigated geometry data from UAV and pre-event DEM data. On 03 June 2017 a rainfall-
induced landslide occurred in the Xiou-Ban-Tien, Nantou County and formed a landslide dam lake. The
natural dam breach was modeled and analyzed using HEC-RAS 2D to lower the damage of people in
field investigation under potential dam breach condition. The HEC-RAS 2D supply the modules of failure
mechanism and dam breach parameter for unsteady flow routing with dam breach analysis. The simulation
scenario considering different dam breach parameters and failure mechanism. The result indicate that
the landslide dam lake break does not increase the downstream maximum water level significantly.
Dam break has a severe impact on the downstream reach near to it and the water level of flooding wave
gradually decrease at different downstream locations. HEC-RAS 2D model can provide government
officials to mitigation support and response to hazard assessments.

AKeywords : Flood Routing, Natural Dam, Dam Failure Mode, Dam Breach Parameter
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The Formation and Dam Breach Analysis of Landslide
Dam Lake in Atsuma Town in Japan

Chen-Yu Wu¥"  Chia-Hsing Lin2l  Chen-Yu Chen®  Kuo-Wei Chen!

ABSTRACT Many studies showed about 50% landslide dams will breach within 10 days,
whether they were induced by earthquake or rainfall. Therefore, how to assess the disaster
impact after a landslide dam breach is an important issue in the disaster response works. This
study used free two-dimensional flood routing model of HEC-RAS model to establish a standard
operating procedure for rapid assessing the impact on the downstream protecting targets after a
landslide dam breach. The landslide dam caused by Hokkaido earthquake in Atsuma Town in
Japan on 6th September 2018 is a case study in this research. A numerical model is selected to
simulate the process of dam breach and analysis the characteristics of flooding wave, including
the peak discharge, flooding arrival time, and inundation area. The results presented the
simulation of different landslide dam height and breach duration to recognize disaster risks.
Base on the results, the local government cannot only delimit the inundated area and protect
targets but also decide emergency evacuation plan and set early-warning criterion.

Key Words : landslide dam breach, flood routing, impact areas, Hokkaido earthquake

(1) TR T B EK T (R R 7o s /Nl
Research and Technology Development Team, Soil & Water Conservation Bureau, Council of Agriculture, Executive Yuan,
Nantou 540, Taiwan

(2] WEIENEERIRORTE R S BRI T 0
Agricultural Policy Research Center Research Assistant, Agricultural Technology Research Institute, Hsinchu 300,
Taiwan.

* Corresponding Author. E-mail: owen951753@mail.swcb.gov.tw

"} 45--48



WS T AR 4

—BIE
AT EEA R PR SR RO AR IR B S AL S AR SAAIE AN (Shieh et al., 2009; Shieh et al.,

2010)  ELef ARSI TR B R - W — ST RUERY - S TR S
B =S5 - 2018 SRef I 90T B 2 KRBT BN 2 (IR AP ATk
ST ERIUNS » BT 2 B 2004 4 HUALERTRG T RUERE - 2011 £ 0 ARF-ERSIREE » 5
MR 00 H S — I R B R R BINF 5208 - AR TS AN - EABUR LI S
MR SR AT BRSSO S R SRROOME - U5 FREILIIN SOP - GBPRMTER IR 5t
B BRI + WA ABUBORS R » 40 1999 S AR HIRERFIVAR > 55 BT/ — LSRN : 2009
CESCABAR - SRR OTURL TS RRIEIE (RELIE - 2010 § BRISREEEFL - 2000) -

L% Schuster & Costa (1986) f04E&T » s LM RS UMM [ELAHEAE] - 497 SO%HYIVAK % 10 H
PSS - 4T 80% HEAEHETY IS AT L PR KK 85— PSR + (i LS%I B E IS
#3#—1F. - Costa, J. E., and Schuster, R. L. (1988) LIS 5 ERHESESY < (B - 55 | 70 Pyt
LA - (LRSS | 58 1 BRI B R R 5 1) A AT A b TR
5 IV P R 5 A AP T ¢ 55 VA PR AT © 58 V1R B R A T
WARE AL - 4TI 1 P -

1 KIRE$ER] (Costa, J. E., and Schuster, R. L., 1988)
Fig.1 Types of landslide dam (Costa, J. E., and Schuster, R. L., 1988)

—fmE - BFEEEMY R - R HIEEIREN: - AR/ B e T
A R iR R H 28451 (Dimensionless Blockage Index, DBI) - [HA{%H Ermini and Casagli (2003) Ffr
R &= BT RAEES - RAGRS R UE S KA S N B ea EE  fifh  5H
IRERG(E - & DBI<2.75 FHERG HIEE - & DBI>3.08 HFHINERG R~ EEE - & DBI 71t 2.75 % 3.08
Z[E - RIS < Ry E -

FPEZE ST R E R HART - 2 ERE S R IR IR D RE R S —FF RS - HAFAERF R R AR E -
IR S BT AR BRI RG PO R LS (T 0] © & B SR S P IR 2 SR - & FEREE KPR B3 A4
R HECRE TR E T - RO RER: - HUKRE - 48 E - SOEREEIY - e
BT EREMEZ Ze o Wb - AERR A RERHE R NG SRR GIEE - BIWE LT
TREHRIEE  BEFRAEAERYE TRREHRAVEYEE » DB RSB s i RS R IR E
HIRRRE - HAAE 2004 FEH0R Tt BN » BCohiE B FR SR PTIPH B S8 0p — R SEFRY SR A WFAMGEH
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Fig.2 Flow chart of the study process
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1. dezEtEEHERA
2018 4F 9 H 6 H&E R 31 7 4y LB s 4E pO IR A 6.7 HhE > BIHiriAdhad 42.72 [ » 4K 142.0 & »

FEIRARELY 3Tkm > EEPYIL-BR R 2 A AIERTE - 8 DA RSEEERE 3 iR » KB S A e E HAT i
W2 7 & HABTAOALIE ~ T5k ~ /5K ~ BREEEST AR 5 2 6 &k (Yamagishi and Yamazaki, 2018; o€
BB - 2018) - MEHHAUEEME 2R A AN - FPREEGETE R 13.4km? > BITRHE 1891 FFACHE
DIAR B AFRSR R S AT — RHNRE © ARHNRRIERKE 42 ASE T ~ 762 N3245 > HARZ K EHRIER(TEC-
FORCE)iK A i 3,064 A A B A K HHIFH A B S IH R S0 % - IR A SR BUR - b STt Ry 227
> HrpEERTHIE S T 201 ¢ » (ETIRIRGEET 42 () 462 Bf - ~FEIREHE 1500 ) - 2 p R R A A 2
S QT (B =P B o = R U e e = -

3 LB ERE L ANE (HASKEEE)
Fig.3 Distribution of seismic intensity in Hokkaido earthquake (Japan Meteorological Agency)
BB R IR IR S S - FF 2 HR R T DHERR B B KRS b EECTEIH ISR AR

i Hrh— g RHUEARR ALY E BT E ) B0y H iR e (Q0E 4) @ AR LY 1km - AEERERE
&) 50ha - griR T AGPHZEMTE R4 850m - NP EEY 50m ~ fr RTIELY 230m Z KANERS » (HEtik
AR R AT LY 2km o IR AR EASEON » FAIE AN B TR TR bR LAS - 25—
B3 8N B TIEZE AR B e o A B R B R R AR . - HARE 5 kiE 2 TEC-FORCE % &
TTHER 28 L~ TR E KA - B RINERE L/ KsE ETH » SRS T2 /KE
FENONY - RESIHR RO NI OR 2 W BB EEAHRE &R - KB H L4888 - SR EE R S AHRA]
KANEBHAPKALERE - 1iEE UAV fEATRITECE 22085000 - M0 Tt BT SEOR T Aoz R et
EAIRE - DRI TR SN2 0 TARRE -

4 RAEEH A DR E (H AR -3 )

Fig.4 A schematic diagram of Landslide size (Geospatial Information Authority of Japan)
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2. MABEBEREH

By T AR S 7 as BB - AU EE B R R ARG S & B MR T RS
W7 - GAREEERER R RIFSHERETERN R OVEERR IR S e E kg st - 5
BT R AR S R EE Si2EE(DEM) ~ EiEA R &R - R NI REHREARER - RS
B RHECARERER

KEFZEEE A DEM &Rl B k22442 Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) Global Digital Elevation Model (GDEM) Version 2 {1y &/\FIEJE » 3% DEM & 2011 4F
EEBRY 30m fEATEEUE SRR - fritlEs s K& ERNE 5 FR - HSiRA) I EKI@LEmE R
13.59km? » [T KA FlrEE /K i fy 8.29km? » SPIHEFE s 2.42% » RINER Ml 28 5 BB R P38 S
By 0.62% > TEE) [ B LT Ry 0.19% » AHER &I 1] > 3G AT i AR 7
8 IEEHERIHEE KR A R R R R R o Ao R ENT RNk 1976 £ 2017 4F
AP AR > SPFERERE R 997Tmm > FERA—/ NEEFEFRREAIE 6 Frni ARy 46 mm/hr > FhEs 9
mm/hr > HSE35 R 22.85 mmihr > HISEELRREAT R 8 [ > A RFURERN 0 & » HEEE R EKEREE K2
B MEIERMER TS A KNEKBHATE EKHEN » EREN TKERXAEFR NiFst > 15
RN SR -

&l 5 btk s Sk HE
Fig.5 The catchment area in this study
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Fig.6 Maximum record of one-hour rainfall intensity every year in Atsuma Town
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RESRCERAVELIE] - BEE — PR RORE R K E A RE R B SRR I - A MR A FH i B B R R R BLK
Z o HgsE 1 BHEHEIEHI Ry 0.5km &9 3 BIREB R © 5% 2 FEHEZENLY R 3.5km HAH
20 F{EERLL - HEIEIRIEIUKE R R - R &SRR EN K E  EE 34A 8 FlRelG
PHBfEEIE 4 By 5.5km o = (EEE S TE E A E] 50m - HIMEERENA LY 3m £ 5m o UK REGI 25 FisE
EMF - HRWREREHRRA AR -

7 RS fr B G B BRI PR
Fig.7 Position of protected targets and the distance from the landslide dam
3. AN HBRIBIEEEE

AHFFTER A B T K TR UL AT 882 HEC-RAS #9347 %47 » HopRfih— B 4
H/KHEEERT » fHEEER (steady flow water surface profiles) & « & &7 (unsteady flow water surface
profiles) =& K EFAHTD (mobile bed sediment transport) &% = AKIEETEINEE -

TEESRIELAT » AKHEELAT I HTEEET) | 248 R R B EE AT | 5 5540 » SR TR S
FURM BRI BRGSO A RUE T /KB - fEB BB T - KEWEARE v E TS - till
FREGER G Z KEEE - SibEIRETT AR DIEEHE S - RN (—W AT - B5HIKEAI ER)
RO L R R Z B B R - DB RE (MR IR BT & - NI AT UK D6 2EE (Hydraulic
Sorting) KEEF{ER (Armoring) -

HEC-RAS 5.0 L EHIRRAHR BE — 4 KB A4 - & 28 Mapper Bl G IHAE » 5 LEBEE R AP B -
T e B AT B B O 7 #250(Diffusion wave equation) B 23/K i 77122t (Shallow water equation)
A AT PARIE S O 1 75 KRR 7% - DL 4o KEE BUA B A RS A(Finite Volume Method, FVM)ZR
RS R IR LA « BEAN » THERY AT T AR E AT TR R KT RS  JEIRIGHY TR -
FERUNENEES - TNRRE BRI /KR ACE ~ s 2 151 (EISTRURYRERE A NLARAE K IR & s B SR
fid -

(1) FEdTRE
HEC-RAS 2D #&)ii/KH (unsteady flow hydraulic) #2522 #8 dh i banak -t sl iie
= (Navier - Stokers equations) T2 » W TS F R~ o] BE4E (incompressible flow) ~ &5 /KB 1)
(hydrostatic pressure) #5452 (uniform density) (Brunner and CEIWR-HEC, 2016a, 2016b) -
i HEC-RAS 2D Z #I5R2 eBLU/KOR 7R UM TaR B - HUBG B )7 =R A T
oH d(hu) o(hv
Hrh H=h+z Bk » h BAKE > 2 BIEKRSIZE > t BIERT > u B v ailh x By J5E 2Ry
& q &JFIE (source / sink flux term) o
au  euau oH ’u Al
—+U—+V—=—0—+V;| —+— |-C;u+ fv
o x oy X [8x2 asz @
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N N N oH (azv 82]
—+U—+V—=—0—+V + —c;v+ fu
o ox oy oy e oy? -

Hrft g BESIIRE - voRiREE A o BIEREEGE f BRIK 2% - FHE 5
SEeR TR Ry IR NS BB B IR T o AR AR SN R 18 Ry K BE 1D TE ~ I P (eddy
diffusion) ~ JEEFREEFETE K R J7IE (Brunner and CEIWR-HEC, 2016b) -

By THBL (discretize) 4N R & TR  FEHTATRAS O HEFTIS RIEMEU L » oM ZE R e

REFAIRESY R A TREEREATE & 750 (hybrid approximation) #E{F&ESL(E -
() KA EEEERE

RS A A i — 4 KA i B AR REIEI AN 8 - L ASTER DEM i - isesii
TELY By 25km? » SE RIS A/ N By 50m*50m 3EAT E B L3 E 95346 - 5 BV (% R st a
B G AR US4 B 28,775 (I - FER NG LVEESR 3B R 3 EAFEE - HARES
EETY LA - HtEE B4k 40ems - HIFAR B R B R ARG S KB O 3%0E HB %
R IER K » B SIS TS 0.19% » PN EMEIVEZ HIE A S EEE - Ak
SR B R SRR - AR IR - S5 n EERA 0.04 - (B LEZ 177K
ESHFNE > RIAGRS IS RUE TR 1149 3.5km » BEETEMERE KA DRELEE T
IR FUGRIE4T B 12km

8 THAFE IR AR o [
Fig.8 Schematic diagram of model simulation area

LA HEC-RAS 2D TR HER: » FRas e RIS AL BT IR FOR ISR 1 SR 2 8 (lE 9)
HP EEEsOE T A RHEEN 2 HinESEE iR 2 MRS (Failure mode) Zyiti
THBASRE B - ANIRSE PR P B 25 I SR E QIR THRE R st MRS ROE 2
BOTH - BT ESHEEGR S SEEECER%E (Breach Weir Coefficient ) ~ JEHH IR
(Breach Formation Time) ~ E&7K AL (Starting WS) k% 4% 15 Ha i 50 = F2 (Final Bottom Elevation)<E fH[
SE o RIS 2 AHEE M SEEHETR K AUIFURA B ERRGE R N2 B S
[ FOBER AT AR RN Z aat - WRES S /KBS A B R N 2 18 BRMGS 4R - TR
KRR R Rt R =2 E
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9 HEC-RAS {55, 2D JEIH S Bk e /i
Fig.9 The input interface of landslide dam breaking conditions for the HEC-RAS 2D model

Fo T REST R AEIEZESEH T MR R W ROEE > DU BRI KRGS AR
WEENE > AFURERA FRAASEES B SORSER - BRI L U KHEEI LSR8 & T
s R FLEEC FAE A NEF TR AV > ST HOKER ~ U R KRR R AR
EER R RE SR BLD) KIS 2 S8 (/15 - 3% 1 BEEUANSE 10 A [FRISIE IR 2 S REE -

* 1 REEES R
Table 1 Parameters of the landslide dam scenarios

NO. () AN gk gmng IR

(cms)
Casel 10 1 50m*50m 0.04 40
Case2 20 1 50m*50m 0.04 40
Case3 30 1 50m*50m 0.04 40
Case4 40 1 50m*50m 0.04 40
Caseb 50 1 50m*50m 0.04 40
Case6 50 0.5 50m*50m 0.04 40
Case7 50 3 50m*50m 0.04 40
Case8 50 6 50m*50m 0.04 40
Case9 50 1 25m*25m 0.04 40
Casel0 50 1 100m*100m 0.04 40
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1. FRBSHEH KEBR

FEIA SE EEE— B R NGB RO RER A AT 1540 - ELIBRE TR S DML - A T I R P TR
BV RCEHESE > BFEHAEEE S S N E  ETSEER OEMEE S > TSN EER S
Frigipk s FFEK R - E/KHEE - E/KRBIEAE @ &HE - 4092 2 fon - Bk 10m 6%
HAmER 2 E/KRBTEAT R 20x103me > /KR LRy 230m » /K EIRE4Y Ay 60 x 108 m? » B Z LY F
TR 0.5km > JRENELEETE 1 RS SR 20m B » EU/KREREAT R 97 x 108 m? > JE/K R RE4AY Ry 840m > HE7K
TEITESY Ry 125 x 10°m? » SRR RS R0% 1 BUR% 2 [ UK S FEEAT K 2.2km ; SR8 = 4 Ky 30m
Bf > EUKASREAY R 313 x 103 m® > /KR FELY Ry 1km - EUKEIFELY By 320 x 103 m? » SEIGR B EIE AN E T
% 2 BRI KRS A 4.2km ;RSN 40m B - EUKEERELY R 734 x 103 md » K REAY Sy
1.5km > JEKHEITELT £ 495 x 103 m? » SEIR ARERIA 278 30 B 2 f 4.7km 5 IHHE S8 5 50m
B > B7KRSTEAY Ry 1271x 103 m? » /K R FE4T £y 1.54km » JE/KHIFEAY £y 608 x 103m? » JEisy Bl e o0&
JREKE 3 SRR EEE By 5.5km o

=2 FNEEHSIHRET 2 SEET

Table 2 The results of scenarios with different landslide dam heights

HoKHR R K AR

No.  HE(m) CRERS() BURPESEAEGKM) Lo, EKE0M) (10°m?) EIFEKRE (M)
Casel 10 1 05 %1 20 60 230
Case2 20 1 22 %1 97 125 840
Cass3 30 1 42 B 2 313 320 1300
Case4 40 1 47 B 2 734 495 1500
Caseb 50 1 55 5% 3 1271 608 1540

By THEEAEA R AGRS S EIEE THNRE B RIVZE - TSR TS R KB R R A
VA KRR Bl PURUER AR 3 Fom » AE RPN = 5 fy 50m Z sk » MOKAEEE 20 7y g il
& 1S RRAT VY S R KL 11.9 mis 2Ok » ARIB/K L ORFHMT AR R 2 IR AE R KT AU By 6 mis
i e A A 12 mis » SOKEA AT RESRE 1 ISR REERIIE © MR H L& 31 /il ERo%

2 > FIREER A WY s UK EsR T oK 2 (R - FEIRIOKAYET B T BEAA N IEAE 57 /i FEETE 3 0 K
RELR BRI E CAS KRR D - BUNEIENREN UK E B R TE RO 3 ITAT - (ERAVERE =
30m kz 40m ZiFsE - EEUK L &SRR 1 SRR 2 RE PR - HIUKIRERG R SR 205 50m
ST 10 78 - S RANERG S LR E 20m DUT - ST E SR B ERE 1 -
3 M EEEEER R SO KE B E IR
Table 3 The protected targets hazard of scenarios with different landslide dam height

<t bt e

%1 % 2 T3

SAKEIE o o HoKElE ok

v R e T Tee e e
Casel 52 0.5 1.1 - - - - - -
Case2 24 2.8 35 - - - - - -
Case3 22 49 6.1 40 15 8.6 - - -
Cased 21 1.7 8.6 34 3.6 13.8 - - -
Caseb 20 11.9 11.2 31 5.6 16.2 57 0.89 0.17

AT R 80 TR WAL K AR % e K L5058 - FTTEF HEC-RAS 2D 5347 TELBAT - $%
P - %0 2/EG B KD A1 SUTBI T » D S B lE S - A01TE 10 R LIRS o P 0 el K i
R EB (A A R FE A R . MK T I S © 25 B B R S - IR
B FEHK RN - SRGLHRADY SRR - BLAb + o T RRREIENK R K TR 2 KR B - DME 2
B S B 1 PR STAG (8 » ATIZEIRF ArcGIS 22 22 A4 5 e - i K Rl /K A
HEEFA0E 11 T » BRI A DEM BURUET (55 » (940 2 A RO R 30m 0% » 2 KB
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10 REg S5 B K 2 =

Fig.10 The return water area of scenarios with different landslide dam height

11 SEFEHKAL- TR AE A i 4R ]
Fig.11 The estimated elevation-area-volume curve of impounded lake

MR FEIRZNFE EE AR T REUR - EEBOEER O 2 2 - il 12 B ERAEREE S
50m B - SEZESEIE G B E R RS T = (8 A FIAVESE W KIT IS B AT E > T
RIS Ry 30m Jz 40m s EEEIy - JRIUK TR AR SRR 2 AULE - WHERER)I[E
M ERERSE S TRETERIZEZ 20m LUT - peit oK E B 8 2 EH) || BRI 2 - DUtIEHY
T EHRBRA RS ER 2 MBI R A - ARSI ERE T (EN RS - MHEE R
G -
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12 NEE SR N g EE

Fig.12 The inundated area of downstream in different landslide dam height scenarios

2. REEBLER 2 LEBB AT

BIGREGER RN G E R =4I R 50m - R RAFHEHVESSHEIBLELE MRS - MHRERART 2
WZ > SN E R ATRE S AR R B LIRS EHEN - 5 SR EUR TR i AR i 2 %A - AT Feisiie
FEAHE RPN = R TR [FDESRR A 2 A4S AR 4 R - W N ETE S FERTIE RN B8 > DL Case6
RN = 50m KORIRIER 30 Sy Ry R e - ARG R AR SR 11 s AR sp — 0% - HEk
TR PO Ry 14 mis > 55 19 ST SRS ER0E o HEPUREREY R 18.5 mis » HEKiHA HT e L EE
B HFREIN IS > 55 39 SrsEig S = (0% - Ha DUl 249 0.2 m/s » (HE/KHEJYH 0.9 AR -
FAESE 1 B SE R - FEV e A BRI TR T > B A RATIKE 4 B0 2 BOR 3 18
EVEWERT 20 HUURDE SRR T 2 SR SRR o BRG] ~ KR ~ UM SO K R R 0 B
TR AN - B GREER A R A S G A R Her R ] [ ISR RS TR ATEE -

4 ARVBHIER B2 fre B SR E

Table 4 The protected targets hazard of scenarios with different breach formation time

%% 1 %% 2 %% 3
HOKEIE o s SOKEEE o L HOKEE L L

No. | EE ook mpmrm PLEPE mmx mbvor PR ormok mavns ek
oy s BN E @ s B m) () (k)
Caseb 20 11.9 11.2 31 5.6 16.2 57 0.89 0.17 5.7
Case6 11 15.2 13.9 19 6.8 18.6 39 0.92 0.17 5.9
Case7 47 7.8 7.4 69 3.8 12.2 121 0.87 0.16 54
Case8 80 6 5.4 116 2.9 9.8 206 0.86 0.16 5.1

TR 13 th B E R ARG = By 50m R JEISRAER By 30min B 6hr 55T N E AUKAE MR » B LLE(ER
A K SRR SIS KRB LB TE - WAERUREE & AT e R /K 38 A2 g 1 K @IS &R e Fy 30min
K2R T H SR | DR 4 PR 7K 48 10m BYI5TE » ALK BT RE A8 T i R o R B G -
AR 2 BURE 3 ISV RER L EABARRKRE » EBSERE NN 6hr BHEZEEE KRS
A 10m AYEIEI D - EEERINE MR RERNE - (EIESR A IR RIUKIE AR R ERE - oK
R A B IR R R B R 18 W (TR AR DL > PRI P42 0 SR B R T A BB K L
RAUP ORI EZ IR R - RS DR BRI 0R A B & 3 TP AR — BRI - (L h KR & I
JESE AR B AR B - 3 AR SR e PR B S I T
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13 (a) Case6 JEififme A/K il (b) Case8 JEsgiR A/KA 2 AilE
Fig.13 (a) Distribution of maximum depth for case6 (b) Distribution of maximum depth for case8

BEHFREA N DS EZE RIS % - KBSV E R EIP SO L2 e - RS
B —ERL A FTRE R RSS2 R E P - (e 14 hETRE RNEHE S Ry 50m B - JRIITE
fiF Ky 30min B2 6hr 55T R AR R AT - E RIS A A 58 SRR - RIS [ 2K H iR
JRF SRR MR B8 FFSFUEAE LS B S 6m/s WIRE & EL RO BG4 S T A IR AR RS » TR
FEAKIE AR BRI - EESEESERI R - RINBRREMAVRE T (RN
TERACRRHBRE K - AE RN ERGEESA R SRR > MRS IR H RV E T H LUK
Fo » MAERLHESE T BRI - AER IR Beiicir S I ] BB SEE K AL B Rl - BR T
P A7 KA R AL S > FEZEAAH BRSO 08 1 PR RS A R A BRI R ki 7Kt | R 2SR B
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14 (a) Case6 JErigim Uit 2R 51 filiEl (b) Case8 JEIRRL MR AT
Fig.14 (a) Distribution of maximum velocity for case6 (b) Distribution of maximum velocity for
case8

W Pl BICHE 2 R0 5 | BV K K ORI BR P02 B TT AR 8 - A5 BRI K RS RO
o PR BIRHEARTUIKE S A RS - FHTIRPURREDKAS B 5 & 2 ELiciE 15 Fom¢h
JIF5 4% - 2014) - #£ HEC-RAS #z(E > FEidst Rig— WG 21U KoK 2 - WHURE— 488 2 i
RAEANE 16 > 1E 50m s (5 - JERAERF 30min fz 6hr RI{EIF S BUR » fEHKAERF H i /)1 Dt
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Fig.15 A schematic diagram of the limitations with the flow velocity and depth/ height when
people were evacuating (Ogawa et al., 2014)
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&l 16 (a) Case6 JEIH/K AT EE K 1AlE (b) Case8 B/ KA iE i K 1A=l

Fig.16 (a) The maximum result of velocity times depth for case6 (b) The maximum result of
velocity times depth for case8

3. NEEIERK/NZERBED T

FFMEZER K E S A E N R KBS R - E3BRR ARSI AR PR BT e
R AUAAEFE AR AT P9 oA S8 s B B /2 R VAR - AT B b TR ZE IS Y » 1R [EE
RS T - ERTRECENRE > NS EE SR ERS BN KEEAERATHR
IRFfEIA A A o A B B — (R A E R AT R AV AT EEER AR 5 o » 5 HR 50m*50m Hy4EHE SR
—EZEPIRR L — (B NRF > BEZ MRS/ NEDD 4 % ERFTR AR R0 3.5 % - MR IR
waEFgEEER NS EVEREERE - BRI GBEEERE N E B2 > TR
BRSO NEHRFR S B (R S SRR R EGRE -

% 5 NEEE MR AR/ VE 2 LR

Table 5 Comparison of scenarios with different computing grid size

No. RN EERR () RAEREEE HEE
Caseb 50m*50m 15 A =8
Case9 25m*25m 5.5 EAH N

Casel0 100m*100m 0.5 fiGs R
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AEHFEHE 2006 S5 2018 FEHFENR S [EUHHMATEA LW S HIZR 4 471 £ - WLl QPE FEEEMER (HE12
Y ERRE REE B EBUEE S & H S KRG o 2 SRR ERomds =0 - Bo s 13 45kE f\ih" SpEE UH}I'”
EZE R R I R LD W RS, - BRI S - ATl EEF RIS (45%) » HA R L0 (27%) 15 3 FHE8 EnaFE
JiiE - 6 HE 10 H B A b5 Filgs 4 i ;E’ﬂf’fl’iﬁs’hfﬁ{‘l:la R A D IR - SRR Q0% E A A B
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RRASEE) © S ECE - R - A ENE -

The preliminary study on trend of sediment-related disasters
triggered by rainfall in Taiwan in the past decades

Yung-Chiau Lin™2" Chen-Yu Chenl" Jyun-Wei Chen!" Wan-Yu Chanl"

ABSTRACT The sediment-related disasters were frequency in Taiwan because of special geography
environments and torrential rainfall. Many scholars and experts conducted with the issue of sediment-related
disasters for a long time. This study collected 471 cases of serious sediment-related disasters triggered by rainfall
in 2006 to 2018. Based on these cases and EAR (Effective Accumulated Rainfall) data calculated by QPE rainfall
data, spatial and temporal characteristics of sediment-related disasters in Taiwan were analyzed. Also, visual
representations of the peak distribution of soil moisture in the whole Taiwan is presented. Overall, the slope failure
is the highest proportion of disaster type (45%), followed by debris flows (27%). The results showed that the peak
period of sediment-related disaster was June to October. Moreover, these disasters were easily occurred at night
than daytime. The results of relationship between accumulated rainfall and serious sediment-related disasters

ehanrad that ON0L AT tha smaine dicactare anmiirrad sohanm tha asmismalatad cainfall arae arantar than TEN s Te

*it45-65



18RRI TP F UHREEFFIT

*it4%-66



WS T AR 4

67



32~ 2006-2018 FENEHE G SEETH SRR 5 - B 5

Tanble 2 Coses of severe sediment-relsted disasters in 2006 (o 2018, Taiwan

- B EH | ‘EAR o i EAEREH | ‘EAR, ..
i R 8 S e B (ma) i SR 21 ) M) {tnin)
w06 0609 B ] PEfi7) 8658 2012 - 1 WER) 7120
w7 0604 B5E 17 chifi13) 6623 W2 R, 11 db#fiey 13828
007 0509 REFT 18 [ IR E TR R R W13 0517 B 1 Ty 3567
. pEs s 8481 s F
2007 1 : 2013 Tt i 1 i 77
Hit k] g (443 o o M, )
2007 fof S 0w A7 8 dbefidy 10024 2013 L 2 WHENZ) 9353
—— - 840.9
o07T  EiEeEE 5 ey 67AS W13 EFRE, 14 RS
20407 HEITT 5 EHd)  1170s 2013 FER 2 dEffizy 4378
00F  RERGR, 7 BBz 11230 W3 s 4 fEiy)  S6RE
008 SEESTERGE, 18 hEf(14) 11846 W14 T H R, 1 B 2077
t A ey i ) 5RO
2008 Hfte 5 frfied 8425 W14 EH R, 3 o
fe ; e A1} (Hh
2003 (e, s i, 3 By 7268 2014 9, 0 1 WG 6365
2018 L, 1 ey 11179 W15 o2 B I by T04.S
2009 2 T A, 1 L& 10016 015 - L 3 dLEN S TS
2009 BTV R, 125 BEB(o2) 19986 005 kR, 30 dEaEiny  99RE
2000 0924 WL 1 s L 650.7 2016 0611 S5 | g b G160
2014 1016 56 4 4y 6683 016 IEPEEEEE ! iy 5706
. 790
2010 s ] WH® 10868 016 it & ERIMED e
200 it 1 Ab#Ey 2494 2016 i 7 mEks) 870
2000 WM, 3 fEHE(e) 12563 2006 BIM SR, 2 W) 9022
2000 R, 1 HEil) 6568 WY oel) B 10 ey 1008.1
A SH0.T ARETTTS 5
b ] N R Vel -3 2 T L WIT 0613 EF 3 B 10081
. B R L@y 818.6
200 1001 13 12) 13084 017 i S
Ll Loz 8, ) (R
Jibl o I S 7 M 1031.5 W17 1011 Bf 9 () MNiA
012 0s0s B 1 i 3706 2018 0823 BATFIEEE 4 A i) BiA
2002 0610 #EE 11 tpffi12y 9225 018 Hofiir I FE MIA
e SO {6 B REEE T 471 PR R

2 MESE LR R 10 M W - R B T P B R RS R - SRR B ARE 2 WA
EARy ., (mm) S SEEE ARG FIR S H BN A QPE % & B BRI AL - 25 SRR Rl - RIS
TEAR AR + AEFERRIR PRI AR - NOA Syl A AR ] 22 BAR . TS -

*it45-68

2



24, FESERTA ORI

AL IR 2 T A T -+ fhd TR AR WL TR R | IO MR 3 Z(0BL4) ¢ iR RTER 2004
IEEE 2016 G i i S SR R - LURIAE e 1S BIREHEC 0 M SRR QPE SRR P W
S i ST - A R R O R R | 3 Y L R T R AR R G - 4 2000 5F 8 F WOk vosREUE nl 37 4
BRI 2000 527 R T R B, + S8 o A R R RS A H ik - SRR T 2006~2015 B2 R AT 4 iR
WTRRCIRE 3« (4 pR S o S TR I 2 ] R M MR 2 e TR 5 0.0 220+ (R - RS TP 2 B R R R O )
I 0.0 G « HIT-LUEES - SR - S E P RS el = SR - QPE BRSP4 S i i B b L B A (T B
BRGS0 2R T ) S i -

Uy B

LN L]

L1
o |

o

W 3 - R 5 M O 1T+ 2008) -
Fig. 3 Schematic diagram of landslides” changing. (Chen, Z2008)

3 20006-2015 FEF N E M EER

Tahle 3 Newhorn area in 2006 to 2015

-FF-_?‘E' 2006 2007 200 20409 20140 201 2012 3 24 2015
ET e
i 51.7 6593 24940 2831 559 46,0 185 34 150 1.7
il km’)

1 EFE2eficE NS K RER AN

P S P (B S R () o S L A e R T N ) e R [ B8 1 oDNEE - 24 NIRRT R R T
B L SR e 8 2 - el v R e e S A (L1 5 TR e e e S AR g
= [ i R A - ST EE R S B OEARTE S B M A S RS - AR A (] QPE S & N R A A
A (Amnual EAR )+ SEEHY 2006 423 2017 8 SRR HR R RO MR GO 40 Ho - SESEMAREEE
ST 2 R - R 200mm §EET) - 350mmi( A EEET) - S00mm(EDAEEFT) - 1000mm - 2000mm 250 B [FER IEEAR - g 2007 4E
FEERINE | 2 7 H2 QPE B ESE - & 2017 S\ GO im AT R R A R ST E S T e AT HPE
(MR TIEAR oy -

Rl 4 BT31H » 2000 54 S i L M S R RS Anmead EAR o T STEER I B A B BEE 2 7 » HcpdEdp
S LA T sl EAR 0 #2058 1000 mum B b - B (L3 08 Al EAR e, FI58 S00mm - B 52 G e
A AR 126 5 o GEEEA N A 27% - I ET e R i 4 A 0 R 2006 SEE SRR ELREMIEEE S Animad
EAR oy + BCEMER SE BT 35 B T S DR e L VAT 20 - L9 - (B 4 RIS 2013 55 2016 SEIN S48 Annual EAR .,
E 40 1000 mm L b+ i 500 mm FE RO RS HEE 2006 SE5E 2002 550 SEERBER A R LEM] - 2007 5 2002 RS —E
T R T 10 PR B FERE T SR6 R 0 T 2003 SETE 2006 FEIN AR (ETH R 10 MR o dEEE LR
21283 2) - HESTLITEIE o SR —E -

*it45-69



18RRI TP F UHREEFFIT

4570



WS T AR 4

W71



18RRI TP F UHREEFFIT

-T2



WS T AR 4

M- 13



18RRI TP F UHREEFFIT

- 14



WS T AR 4

K- 15



18RRI TP F UHREEFFIT

4516



WS T AR 4

ST



-

Ao TE R T L SR P R R S £ R S R S BT B A L B L) B e 8] S i
s & Ao e e R MR T e B BT A S R U ¢ ERSE LG ¢ 2013 SR IR U S S
Ao RS R RS R 2006-2002 S0+ SEEREE SESTIEH, L R B A A R ST B AR L R
Ff A BN R - M E - BN LRV BN - MR T L i (45%) + R LR %) - AW BB R A
[B175T + 6 HE 10 A 5B 0wl Ol B Fei - B R B s A S (PRI A - 45 o 0% B
LSRR R AR 150 mm ¢ fF G S SR AT R PR B S 440 mm B« HCACL RIS S AR S0% « BlE
FORERFE 7 JE ¥ 500 mm FERIIENT ¢ TR R B Ty 600 mm F - 5 700 AR S e o BT T e S i
(R LT AT = BL4h o REPRIAREER ] - i AR LA PR R ¢ IR R R T R - [T R
Al - ACBRFEERATE L U - [ O I (M R R e L Tl — o R B IR S R R A e S o
M - SO0 - AR N R  — SRR R — (G - AR A B AR R e — (R L A
B ¢ SRR S R R SR S S 2006 S 2018 HEEEA SR - Ik AR R LR R - SIS
R R AR S R - ST R R R Rl

11
2]
13
14
[5]

6]

17

18]

el

[140]

1]

[12)

113

114

115]

[16]

h~ 85

Dilley, M., Chen, K. 8., Dewchmann, 11, Lerner-Lam, A, L., & Arnold, M. (2005). “Natral disaster hotspots: a glebal risk
analvsis.” The World Bank.

Wallemacg, P (2008} “Eoowomic Losses, Poversy & Dizasters T998-2007" Centre for Research on the Epidemiology of
Disasters, CRED,

SRR (20015)  FLE IR - 8 G e B - Central Weather Bureau (201 5). “Meteorological remate sensing-
meteorological satellite and meteorological radar™.

ol RS (2009) 107 R EEFE - EEE o Central Weather Bureay (2019)°CLIMATOLOGICAL DATA
ANNUAL REPORT 2018 PART | - SURFACE DATA™,

FE - B R - LR - RS - TEW (2019 - BUREHRE RN T RS - MR o -
Hel i R AR - (Yin, LY., Wang, C.L., Jian, Y., Jan, C.D. and Wang, C.H. {2019). “The evolution and development of
Taiwan's slopeland disaster management strateey.”, Conference on Weather Analyziz and Forecasting, Central Weather Burean.
{im Chinesc))

HESER (2018) - SPERE 30 & 7 HEEHE | B0 7 HopaiaiBE ity S ruRori B 8 M 20T -« (Japan
Meteorological Agency, (2018a), “The characteristics and factors of the record high temperature after 2018 July heavy rain and
the middle of July, 2018.% {in Japunese))

s fary (2008h) " Fx 30 4 7 HEEH @ Eosa L £ 0B 20 T O EE - (Japan Meteorological Agency.
{2018b). “About the feature and the factor of 2018 July heavy ramn (preliminary report).” (in Japanese) )

FASURBE Q019) Frk 30 9 7 HETIC X 2 MBI D0 T (3 32 #): (Japan Meteorological Agency. (2019)
“About the damagre situation by 2018 July heavy rain, No. 227 (in Jupanese))

FRECGERHE & (2014) - SEEE AR AR 102-106 5 (Ministry of Science and Technology, ROC. (2014). “dction plan
Jor dizasters in 2000 3-201 7, ROC" {in Chinese))

CAEET - MRAENE - FLeH - THE (2016) - £ B RS MERF AR R R R R » B S R o O
BT RO 132 B - (W, YO, Kung, .Y, Wang, A X and Yu, Y.C. (2016). “ Analysis of climatic charactenistics of duration
heavy ramfall events i Taiwan.” Cnline newspaper of Mattonal Science & Technology Center for Disaster Beduction (NCDR).
[32. (in Chinese})

(b ifer (2008) « Jeak 30 45 7 AEEIC 20 T - SRR ZER S (B 1 1000 - (Mindstey of Land, Infrastructure,
Transport and Tourism, Japan. (2008, “Repor shour July, 2017 heavy rain”” Project Evaluation Subcommittee, 11% (in
Japanese))

FREDEE - R (2018) - G RRSLR M ER A AR I AR A L R L ERE ¢ Ll 2015 S e AR
B o o P A S - A 0 1-11 - (Lim, 5., and Liang, W.L. (2018}, “Landslide distributions identified by satellite
images and field investigations in a natural forested catehment: the case of landslides induced by typhoon Soudelor in 20157
Jovwmal of Chinese Soil and Warer Conzervarion, 49(1), 1-11 (2018). {in Clhinese))

HEF (2002) - BEMSEFRRCTRIG M T B T R - SRR B A TYTI-06 < (Hung, C.W. (2012}, “The construction of
TCCIP Taiwan Raimfall Index (TR and its applications.” Sowrnal of Geographival Science, (67)73-96. (in Chinese))

AU - BEIEC - BUEER (2008) - BORHERE SR R BRI EHE TR - oIRGB EER R S ER - (7233258 -
{Fan, ¥.5. Chao, C.M., and Ger, J.£. {2008). “A Study oo the tecks and eninfall of the astumn typhoons mvading Tarwan ™
Jownal of Gereral Education, Taman University of Technology, (7)233-258. (in Chinese))

HETEH - WialF - SRORTE - BERESE (2016) - SPYC AR WS EHOPESUMS) 205 e - (ph @R -
(Tang. ¥.5., Huang, WP, Chang, PL., and Chen, J R (2008}, “Disaster prevention and appiication of Quaniitative Precipilalion
Estinration and Segregation Using Multiple Sensors ((FPESUMS)” Central Weather Bureaw. (in Chinese))

R - PRI - AT - DRV - ACBR(R - SRR - PR - SRSIEE (2000) - [RIEER R BT R RO L
2011 SEHAIEELEE LA BRSSO o 113-117 + PREIST{ER SRS - 38 « &8 - (Tu, )Y, Chen, LY., Gao, D.).,
Huang, C.M., Zhe, ¥.R., Wu, MW, Lin, W.Y., and Chang, J.H. (20011). “Evaluating the frequency change of Taiwan's rainfall
intensity from the hourly rainfall” Proceedings of the Earth Science Svstem Acadenic Forem, 113-117, College of Science,

4518



17

RE]

(9]

120

24|

(23]

[26]

127

[28]

[29]

[30]

[3t]

132

[33]

[34]

[33]

Chinese Culture University, Taipei, Taiwan. (in Chinese)

S A e AR L (20000 » L0 S8 O SRR R R AR - S A i I TN P
WS L TARAT - &0 - &3 - (Smotech Engineering Consultants, INC. (2000}, “favestigation reswlts and rehabilitation
project sugpestions of Typloon-Morakot-coused Tood” Sinetech Engineering Consultants, INC, and Sinotech Engineering
Consultants, LTI, Taipei, Taiwan. (in Chinese))

B o AR b (2015) « S AT E - 19902003 SR SEARE - £25h ¢ &8 ¢ (National Science &
Technology Center for Disaster Reduction (NCDR) (20013). * The Sank of Extreme Sainfal! Events over Taiwan, 200 8. National
Science & Technology Center for Disaster Reduction {NCDR), Taiper, Tawan, (in Chingse))

B E MR (2019) - 2048 AN EETET - B WP CARED - &2k - & - (National Science &
Technology Center for Disaster Reduction (MCDE) (2019}, “Natwral Divasier Yearbook, 2008 Mational Science & Technology
Center for Disaster Reduction (NCDR), Taipei, Taiwan. (in Chinese))

R - CEd - MM - H - CRERTR - RITTRE - S - SRRREY - $ETER (2013) U 2015 SRR 3
SRS W EEAEEE L - (Chang, C.5., Wang, Y.T, Fu, H.5., Lin, Y.C., Chang, LH., Liu, C.5., Lu, C.Y., Wu,
C.R., and Su, Y'F, (201 5}, " The aggregate report (j_f‘]’.l’f.;" dizaster caused by Hplioon SOUDELCE (v 200 3.7 Mational science and
technology center for disaster reduction. (in Chinese))

TR (2001 " QPESUMS 25 S8 [ 80 - S0 S R I B SR - (Chang, P.L.(2001). “ Introduction of QPESLMS.”
Central Weather Bureau {CWB). (in Chinese))

AR (2008) - BEEEE R RS -1 N S R Y - T BT A AR R R T R B s T (Chen, YOS, [2008)
“An Influence of Earthguake on the Occurmrence of Landslide and Dehbris Flow.” Department of Hydranlic and Ocean
Engineering, doctoral dissertation, (in Chinesej)

HERET (2003) LU AR S 0 A S S B S — L SR R B - A GRS - 44(1) » 50-64« (Chen,
C.¥. (2013} "Evaluation of rainfall-hased sediment disaster waming systems: case studies in Taiwan and Japan.”™ dowrnad of
Chinese Soil and Water Conservation, 44 1), 50-p4, (in Chinese)}

BRAES - SRR - EPEEE (2017) - B QPESUMS B7RCEDEMUT e S R, « e AR g - 4801 - 44-
33 « (Chen, C.¥., Liow, WX, and Hsu, C.H. (20017). “A rainfall-hased waming model for predicting landslides using qpesums
rainfall data.” Journal of Chinese Soil and Water Conservation, 48(1), 44-55. (m Chmese )}

BRAESE « PEEE - PROEGRY - FEEAER(2019) IR T T R I ¢ PR SRS ¢ 30(1) + pp-1-10 ¢ (Chen,
C.Y., Chen, LW, Chen, KW, Lin, YO (2009 “Warning Model for Predicting the Risk Zones of Ruinfall-Induced Slopeland
Dizasters,” Josral of Cliinese Soil and Weter Congervation, SO0, 1-10, (in Chinese))

WEEE (2017) - QPE fhm s Ty {2 S B e [l RUERE i - B S - TR R Ve R A PR T
{Huang, P.H. {2017}, “An analysis of the comelation herween the estimated difference of QPE and space in the rypheon events.”
inal report, Soil and Water Conservation Bureau, Mantow, Taiwan. (m Chinese) )

PER Y - BB (2003) - B R R ST R T R O 2 A R - SRS TR - (Yang, MUY, and Hsu, RH.
{2012), “Application of QPESUMS to waming and evacuation m Chen-vu-lan Creek Basin.™ Ewvironmental Engireering
Jewrmald, (in Chinese))

RS - TAEH (2016) - 105 P TRTACEEA A Mad SR AR - MRS - TR ISR Rl A L fRRT EHEED - (Jan,
C.0., and Wang, C.H. (2006}, “The modification and review of the debris-flow waming criteria.” final report, Soil and Water
Conservation Burcau, Nantow, Tatwan. (in Chimese))

RO - R (2017)  REREEE L R AR T AR - AR AR RREN - (Jan, C.0., and Wang, C.H.
{2017y, “Study on warning svstem of munfall -induced sediment disaster.” results report, Soil and Water Conservation Bureau,
Mantow, Taiwan, {in Chinese})

PIFRIR - BE - WRTERE (2003) - BWGE RS D AU 2 R R - 44(3) - 225-233 - (Lim,
K.F., Wei, 5.C., and Li, P.C. {2013}, “The influence of accumulated precipitation on debris flow hazard.” Joeenal of Clhinese
Soil and Water Conservation, 443, 225-233, (in Chinese))

EHTE (2015) ¢ OEF M SERGE SRS R 0 3250 - S4E o 58 < (Tsai, FD. (2015). “Report Typhoons in
2012, Central Weather Bureau, 32-59_ Taiper, Tarwan. (in Chinese )

WA - PR E - SRR (2007) 0 1951-2005 55 FRGE I RS RI L B L CERRE - 35(2), 87-103 < (Lo, MM,
Chen, C.).. and Lin, ¥.C. (2007). “Long-term varations of the occurrence frequency of extreme nunfall events during the period
of 1951-2005.7 Armospheric Seferces, 33(2), 87-103. {in Chinese))

WRAEET - A (2006) - IR I IR TR 2 DA | p A - ISR - SWOB-105-085 ) «
R - TR SRR R RS - (Tai, Y. and Jan, C.D.(2016). “Risk identification and tolerability investigation of large-
scale sediment-related disasters in watershed.™ results report, no.: SWCB-105-085, Soil and Water Conservation Bureau, Nantou,
Taiwan. {in Chinese))

FERET (2006) « PSR 104 SFEREEM A RS — 5 13 ShEE i Soudelor BEE 1513) « L0888 - S3(1) - 61-84 = (Luo, Y. Y.
{2016). “Report on Tvphoon 1513 {Soudelor) of 2005, Meteorological Bulleting 33(1), 61-84. (in Chincse))

MBS - M SR - SR TIE 0IS) T (SNSRI 19922013 EIEEETERR) RS, -
e Er R PR R ¢ B 120 0 - (Kung, CUY, Yen, PL, Lee, T.0., Wu, Y.C., and Yu, Y.C. (2015). “Guild book of
“Taiwan's Extremc Rainfall: A Summary of Important Events in 1992-20137" Mational Scicnce & Technology Center
for Disaster FReduction (MCDR). {in Chinese )

W79



