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The Study of Mitigation Strategies and Impact for

Large-Scale Sediment Disasters Report in 2021

Abstract

This project is a continuous research from 2019 to 2021. The main
achievement of the project in 2021 includes four items: (1) inventory the
sediment-related research results and annual projects of the Soil and Water
Conservation Bureau (SWCB), (2) analyze the trend of sediment-related
disasters, (3) analyze the numerical model of sediment-related disasters,
and (4) integrate the domestic and foreign 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 6 research papers
including 2 journal paper (1 under review), 1 manual and 3 conference
papers. The results are briefly described as follows:

First, we inventoried the SWCB annual project reports of sediment-
related disaster strategies and technology through collecting and analyzing
2,837 reports (2008-2020). Based on the inventory result, we conducted an
effectiveness analysis and evaluated the potential development and the
continuity of the sustainable development of various technologies or
research projects.

Analysis of the changes trend of sediment-related disasters, the
“Survey of Potential Large-scale Landslide Areas”, “The advanced

research of the spray planting method on the steep slope and landslide area
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using UAV”, and “Impact of Climate Change on the Sediment-related
Disasters” are accomplished in 2021. To evaluate the disaster situation of
ediment-related disasters through various investigation methods and
discuss the trends of their interpretation. With the assistance of on-site
surveys and image value-added technology, we can more effectively grasp
the information of the disaster area, and use the advancement of UAV
technology to restore steep slope, which can provide a faster and safe
method in the future. Finally, through discussion the various impacts of
climate change on sediment-related disasters from two disasters in this year.
Reviewed the applicability of current sediment control engineering, and
incorporate adjustment thinking about the possible impacts of extreme
climate changes.

In the aspect of the test and analyze the numerical model of sediment-
related disasters, in 2021, we had completed three research cases,
“Research on Modeling of Unmanned Aerial Vehicles”, “Da-Nan
Landslide Dam Evaluation and Subsequent Dam Failure Flood Simulation
Using HEC-RAS 2D model in Taitung, Taiwan”, and “The Research of
Debris Flow Simulation”. Evaluate sediment disasters through simulated
numerical models and discuss the applicability of the model and the
analysis results.

The use of images collected by unmanned aerial vehicles in the target
area can be used to produce post-image products such as digital surface
models, orthoimage, and three-dimensional modeling. It is more valuable

to produce new high-precision digital terrain maps such as H.O.S. T maps.



Users can easily and quickly obtain the terrain, geology, and environment
information required by the site, which is helpful for follow-up disaster
estimation, and can also be used in various simulations. This year, using
HEC-RAS and Hyper Kanako to simulate the flow of dam breaks and
debris flows in landslide dam lakes to determine the safety level of each
area and the scope of disaster impact. The simulation results are in line
with the estimates of other research institutions. It is recommended to
continue to strengthen this research to make the SWCB more sophisticated
in disaster early warning.

Finally, facing the impacts of combined and more frequent disasters
derived climate change, relevant government departments of various
countries actively invest in basic investigations and scientific research to
formulate specific response strategies, which establish mitigation and
adjustment strategies at various stages, and review the strategies to
improve the management mechanism based on the impact of climate
change analysis. This study intends to research and develop strategies for
various issues through domestic and foreign literature integration, than
review and advise climate change adaptation strategies, start relevant
literature collection, and extract the forecast of climate change scenarios,
the characteristics of sediment-related disasters, the mitigation and
adaptation strategies, etc. The resultsof this study can be used as references
for domestic plans to promote climate change adaptation in the future, and
these are of great reference value for the domestic future in the

development and promotion of mitigation and adaptation strategies.
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2020) «

UAV Ldp &R tfinle Py K83 skl P fp g B 2 8 &2
fxl v § by ot G R ACRIRE S ST R PEROTE AR
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O SR e A RE B B TR § B
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110 # A~ A3 #) R Bt UH R e g

2 sz apaaEga ok
A3rE0 2021 &£ 50 5w A KB R A W4
TrUp ez A M T A (B 4-10)0 @ = aRCAlE R v s > 2 UAV f4n
R ~ER  BALEAE LB E AR B 4- 11 57 0 A i
#%%41* MarvicPro 2 Phantom4ProV2 &7 /& 5 dp#k > 18§

£

iT%£pF > B2 Bently Context Capture :& {7 it &8k % = a#-d] &
e

F1* UAV {2 Baed 20600 5 Fif 7 EsE2 0

SRR = AT R 2 R Y

-

*=tH 3viE 2 PR DF199 T 5AF 4
. 685 (M 4-12 2 B 4-13) »

W 4-107 AHREFERY 2021255 50)
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B e B ORA §

Camera Model Phantom 3 Professional Cam... >

¥ Shooting Angle Course Aligned >
" Capture Mode Hover&Capture at Point >

Flight Course Mode Inside Mode >

N Speed 19.7 KMH

B Height  1200M Res

W 4- 113 A R BB 7 TR 8K 2

Elock - Block_1 - AT
Result of aerotangulation of Block 1 (2001-Mag-06 1724:59) 27
&8 photols), 0 control point(s), O user tie point(s), georeferenced

General - Phetos Pointclouds Swveys Additional date 30 view
Important notice on photogrongs: For optimal precision and pedomaancs, please check that vour input data fulfill these conditions.

e Add photos... |+ HH Import videss.., | | & Remove phetos | | e Setdownsampling.. '8 Cherk image files.., | Al Import positions...

Photogroup Status Mo. of photos Main compor Camera Sensorsize  Focallength 35 mmeg.
Photogroup 1 68 photo(s) 68/68 phot.. DJIFC300X 6.16mm 363274mm 21.2303 mm

WMa-12# AH=a gk * RI%K
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110 & &« 402 2 $F Pt SH R B g

-ﬁ-.n-i@-

DJI_0001 DJI_0002 DJI_0003 DJI_0004 DJI_0008 DJI_o010 DJi_oo11 DJI0012

DJI0013 DJI_0014 )]} DO|5 DJI_0016 DJI0017 DJI_0019 DJI_0020 DJI_0021 DJI_0023 DJI_0024

DJI0025 DJI_0026 DJI_0027 DJI_0028 DJI0029 DJI0031 DI 0032 DIl 0033 DJI_0034 DJI0035 DJI_0036

l l [
i ‘{l J
DJI_0037 DJI_0038 DJI_0039 DJI_0042 DJI_0043 DJI_0045 DJI_0046 DJI_0047 DJI 1.0048
DJI_0049 DJI_0050 DJI0051 DJI_0052 DJI_0053 DJI_0055 DJI_0056 DJI_0057 DJI_0058 DJI_0059 DJI_0060
DJIL0061 DJI_0062 DJI_0063 DJI_0068 DJI_0069 DJI0070 DJI_0071 DIl 0072
1 A
4 (’\ B
DJI_0073 DJ\ |.0074 DJI0075 DJI_0076 DJI0077 DJI_0082 DJI_0083
DJI_0085 DJI_0086 DJI_0087 DJI_0088 DJI_0089 DJI_0091 DJI_0092 DJI_0093 DJI_0094 DJI_0095 DJI_0096

W] 4- 13 UAV % 452 R
A BRI F e B/ 5 1 * ContextCapture $ic %8 > 11 B f247 &
ARG A BARL LRI IR A2 EAAHZT T FIRTAR
PheFafatE - Bila b & BTHENR TR 2 P18 S
% »~ Bentley 2= ContextCapture #48® » & ¥ p & JEHF 3 » 75 o)
ZRERRTR A ARTALT UED LA aft QLT
2020) -
A d B BAGLIR 2 R R - T SR T L RA
#ro & (Da-Jiang Innovations, DJI) 2. UAV 3% AH4pdEivsd > 2
Ry H AT E Y 5.85 ha > &a%‘fﬂm‘%lJG'?’%‘gﬁ%iﬁf‘l fhad
EoE S BAFEE B RGPS PR TR S 4P B RS

A

R~ dp e & F S 8T > 0 Bentley 22 Context Capture # i

AR 0 BEHEARY 2 2 2P Bt % 4B 4- 14 A o H ]
i 2 BT A4cR 4-15 2 B 4- 16 #7om o K-Fk %~ Bentley 2

PR

Context Capture #ic#fts » H@ 2 v E5 27 (X, Y, 2) 2 A&7
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B d 3PN D HEHRA T

e PR E S E KR TR T AT PR LG R
BEAFETVRARTRBETR BT HEHTE o
WA R E M MR 2 7 AR kR 4B ]
(Region ofInterest) % 4~ tg (Tiling) % F ﬁi%] I AIBET A AR T
FeBb~ = & 2 RE - PERUFTHE T 5’1"?—131 T A~ #ed A
ZARREEFHAIEE (B4-19) % - Z ¥ = G| > d 3
T AR R R AT 2 g ST B R R L 0 B A 50
ERETTRENZRG (B 4-20) Fpr¥t-ka 2 3428 % 0 1
PRFERFAFTEEFE G FAABE > BB 12 X K A4eF] 4-21 47

W 4-14 4 A2 HB ik
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MO ERA R I RT R UHE

i Lk

Control points

User tie points

Number of points: 0

Number of points: 5

- RMS of reproj. emor: 1.65

- RMS of 3D error: 0.080 m

- RMS of 3D horizontal emor: 0.080 m

- RMS of 3D vertical emor: 0.0

Control points.

Name Type

1 Foint_1 Control Foint
2 Foint 2 Control Point
3 Foint_3 Control Point
Il Foint 4 Control Foint
5 Foint 5 Control Point
<

Position(s) Crtngor X v z Coordinate Horizontal Vertical  RMS of reproj. 3D error
Placed oy (Long) Lat) (Height) system accuracy [m]  accuracy [m] error [px] [m]
WD T2

16 Full 235352132 2600705 351 umes  THDERIIMZ oot o0t 182268 00005265
£y Full 235353 652 2600722333 usooss  TWETIIME | 001 0o 0695736 00242652
14 Fll 235470 446 2602699 82 1192403 ZD;"E?&;S}?}Z,_ o 0o 0456987 000795445
3 Full 99517 zomosses | usgoseer  TVDERITMZ 001 0 140922 00570978
19 Full 235497 2600616378 umeriszIREORIIE 001 0o 274801 0135542

i asih

kit D

W 4- 15 # A2 538>

s T

ik b AT
P Semankbnd ek
@ A Somshrt's Ome

ﬁﬁ-;mm_

N

R

o T e e T R

W 4-16 4 A Hdrdig, e
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Brd d R EEA 1

W 4- 17 H k™ e s

General  Spatial framework Geomety constmints Beferencemodel  Frocessing settings

Spatial Reference System (SES)

Spatial reference systea: | TWDS7 /T2 aone 121 (EPEG 3824) ~|

Resolution 1 metersipiee]

Region of interest

Bounding b | Trnpert from file. . |
X (meters): min  235126,000000 max | 235596000000

. Resstbounds.. |+
¥ (meters): main 26024 87000000 max | 202910000000
Z (meters): min 1130000000 max 1245000000

Dirnensions: §70 meters ® 423 meters % 115 metes

Orthophote/DEM dimensions: 470 1 423 piels

Mode |No tiling | Tho not subdivids reoonstmetion,

Crerview
The tiling contains 1 tilefs)
Expected manironm FAM nsage for a job: 11 GB

Wl 4-18 2 F A 4R % 5o
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Adaptive tiling {target memory vse: 20 GB), 2 tile(s), extra precision

General Spatial frarework Renonstruction constraints Reference 3D model Processing settings

Preset type:  Default

Selpction of matching pairs Generic

Photos vsed for geometey Exclude themaal irnagery

Geometic precision Eatra Extra precision, larger file size {tolerance of 0.5 pixel in input photos)
Hole-filling Fill sraall holes only

Geometric simplification Standard

Color equalization mode Blockwise - | Apply the oolor eqalization cornputed during Aerctiangulation,
Untextured regions representation hpamtmg comapletion | Unteetored regions color: | 1

Testtore source priority Photos first

Resolution lirit (rosters) 0 Clamp resolution if finer than the spexified limit

W4-19 = BHWEREE s

PEUPPE I

£ seremsanzs
]

B 4-20 3 A A% = B
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C 2k A
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AL RIS E R REPERE AR
Marvic Pro 2 Phantom 3 23|33 F f2 xR i 780y dp e > fe & 18
& % N 1T % 12 Bently Context Capture i& {7 i+ 54821 % = a3 2 9 -
PR R EER Y BBEM A mpE

7 -

2 L b ozE X
e HIE AR

A ARz AR TE P d A4 D E R A R
RN %7 UAV Hougd g R A Eir A A B ERE

WHMRE RGeS M ER I H RN DERFINS2ZARE

e

FRIAFCAPHM A RE 2 RP R A TEL P A BmAS
DERFIFTL A od LABENEFT 5o 2 MR AST i
EE R R A FW NS CERE A F TR FE

FdBts 0 TR PIH R BB 2 BB e
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A EDBRNZRE LT
% UAVEFIRSEA G » 7 AP 44 > kT ivE 7 i
AR AR R TIEL > J TR REFER ) N5 %2 R
BEAUY2 EREHORE LBARBIEUT LT B2 2K
Z LB EIE o
41 # Bentley Context Capture = ¥ = ‘¥ §3|pF » £ 7 Mgk 7
%&ﬁlﬁﬁ%%%ﬁ%*ﬂéﬁ@ﬁﬁ% BuAHEA RS
CHF A BRI AL BRI L RLBERE

ey -

Ei

g

BHEAREEPEHEAAFT L ETREE Rl % - FRFB
FRIAEFRH2LAMER TR BEF 2R 2 TS i
e WA PSRRI R ERR TR RS TS RS
FRATHFEEL S > PR F F R B R RN T R e A AL T R
FRBEESHEFR 2R Z3FF RS BB BB B E EH
R RLAPME L~ in T BRHEHR -
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¥ - § HEC-RAS sk g Wit - %

R

%
;‘;‘%{"‘,f"] & L5111 P AHEFF RNEFRET R LN 0
Bl RERLFL PHBE T AP MR e R

kg HpAms A FELF S

B P RBBES BRI (T kL 2T
e A A A A% > o 1345 Schuster & Costa (1986) =% 3 &g on
F B A7 &nﬁi%mﬂ’O%Q‘“”éWQIOBP\%j“
LFRBEP LITE R FHIREF AL LT L

&2
AERFC R RBE A o AEETHEEERE A -

;‘} 1?3" gi%%/pg7 IE.J"‘I' A’f' ’ T' IE-EFL#J& A ﬁ "L’—r 5”:/2‘;, 3\:@

}

>0 MFFEBEERY FIFR BIQGIS 1% B pEz A HGERIRF
(b]4c= p e Planet L & % 2 & 5 p Jp 4 Sentinel 2 k& 5 f#F
B) MEfiEk M A1 E o R R RS kG R
kB PR ERKEEL S BE P2 HEC-RAS - afiiE
k% & (Dam-Break Flood Routing) #-% > #3#&7 B FH T % E P T
AEHT R GG S R e R, 70 2020 & 2 P g 45
L% g MABH A BIREP L0 EF > 2ERN2%F - Ty

2 4B 4- 22 -
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Lot REMEH

25 A

% K& 7w (DEM F# ~ 4%
24 % - b~ AXEH)

!
3. ﬂ?ﬁﬁ%
! !
BigGIS #f £ HEC-RAS
PR AR
s I 1 ¥ r ¥
fir o~ Bk %47 T4 EALELE ES &84 3% E
I [ | |
|
AR Bk
4~ 8 Ry
|
4 ’

ENCES S ] ENCE
AL A LR AR 54
I |
)
o B

B 4- 22 7 3 it A2 )

SR
(F)*aHxEPEe

2021 # 2 7 5 p A REHFE LG 2 ML EH < 2 L RERARP
Ak s (B 4- 23) 0 il & KR a2 R B G # g SRR
e % (&4 E 120.952702, N 22.725553) » i * 2021 # 2 * 8 p 14
AT B EF A R P 12Kkm At RlEEL Y PSRRI
AEEH25msF20ms £50mz % K2 FREN25F mPa
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Bk X Rz R P E R AL L5 B 2RV RF &AL
flr ok gfe kL REE ke AL i EE (B 4-24) &4
BB GENFT R F R U2-U3 RFEE AR E S TR
A2 RBE (07 4-1) (Fkir &k > 2017) -

h
Volume = A x—= ~ A*—
2 3 (4-1)

V: BZE Y KEE

A: [BZEFZKETE

K3 RdF R BIQGIS T Sk ik Pl U R B L E SR Ik
L A1 E T AA BRBH TN ZRRFAH LT AR
B RR (MyEFE 0 2020) 0 A3+ F @ % BigGIS B2 38> 4
¥rF AL o pEzo 2> 5 2015 # 20 m DEM 5 @ 3t E Bl Blg A
FERI - gRAFE TV AERSTFERAMNZEL (F) 6
REME2 Y (B 4-25) 29 » hbd BRSBTS H 5 42
T B2 P ETH B F AR 2015 £2 DEM FH- R oo g pEheda) s
23 PR QLR X I S O Sa el A L S e R

BB 85 TERNEREP IR kG HFEELE o
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498
HEFER
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W 4- 25 BigGIS p 2= p 2% 20m DEM ’;‘7}45 BHEILAFLE

(Z)FH I E s

d X EP T AR O EEEE B g RO EITP &
ERL Y AT e R ’iﬁfﬁ%lﬁ] ) j\?%%’ﬁfr} HEC-RAS = &
REEN AT B REFAE LG REEET R @R TR T

R PERARLFER (LR E02019) A F R EF - BF
FHHEESR 2 1 mDEM 7 A#ZE iy A TR HRf <]
(Grid Size) % €. 20 mx 20 m & 73+ % #= Kz & (2D Flow Area) » 3+
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110 & B 4 B2 P LT P U RS e g

Bt 73,460 B HHRRS A 5 29.3km?e 3t X 2R ¢ sl
Bk B 2 A i ABREEREE R 12kmo d R M EL L < B LN T 0 &

1yn g AR (Flow Hydrograph) 185 25 ik it > i gy < a
Edve > B R T_5 B i A (Open Boundary) » & % n i& i%
HEC-RAS F3fificsiie * £ p p ARA1P " (GrEile &F FE 2 Nt

- HE) 2. Manning's n 223k B 0.04 % = > P R R X AR
WA ER I T AENRER 9L 182km .

d 30 %pl % FEXERFHE RE T X (o T AT 2 5
B A Brbfpe £320 250 BRKSIR Gkcs 075 (L RaE R E 5
0.70~0.80) » # 5 # € L e 74 mm/hr fr & -k % & # 1,891 haz* & -
rek R R 203ems T GO - e % R E A S BoR T
Aol 320217217 3 2021/413 2 FE R G2 R E P I 3 )0
fe & BigGIS 2 s 2 @ MRS N > VRS P2 KB AARE 2 A
W2 R AR En GREEFMFAANE 2MmESIme 2 ¥ g &
FatEsE RN 2 LR SRR
m{= 60m> F v A5k 5 4B ;%t%.%ifﬁﬂ'w\ WK s 05 s 1]
PRoe Bdk B POR AR BEK S - ¥ LR I B
(Overtopping failure) » @ = JRIFFHHEAZ2 PFRF LS F R ) > 4% £

rRTE AN TS AR AR AR 30

P a2 ok (Sinewave) Nk E e
(—)FEPe-kafz EMEE 2%

BiER T P REAE2 BigGIS #2582 A7 %% T 5 B 0 #m®
ARG EFELER TE gl Bl ATk iR 07
o PEEp 2 3% P £ 4 o blde R 2021/2/7 Planet ik B if > ¥ 4287
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IS BESIEE S 34 = Tl

FALERX 5 468 m pF > BigGIS 4 74718 2 38 > f i S 21wk B iz
kKB 2APR TG E P IREP KB ARS 468m > K G K
3ha> Z k& 5368 m®(4rE 4-26 = B]) - 32> % pe 2021/4/3 Planet
ERGO TT G E PIREP KBRS 497Tmo kG f 84ha>
HRE L8 M (4r®l 4-26 - B) > SR EEHRIEA L AREER A
2 %% A4 (d AHkE e 2021Db) o

| BEEEEEION

" 2021/2/7 Planetffi £ 54(5

— AIH97AR

2021/4/3 Planetff 25
WM4-26BigGIS#HE > A1 LB EREPR ke fz FLE(S
B EIRD)

(Z)HECRAS # 33k & @ F i- 5% %

1. sFEP T AEERERY

e o AR R B 8 & % 602 HEC-RAS = i3 Hi 3t
W A BMIFME R 60mME 30m s FFuE 05 R 1) pRE
FA o F AR R R SRR E TR E Y R R
4o 4-27 R B R 60mM 2 F 6] 5 B0 deH FHEu L w5 05
JPEE L] PE > BEEX PREE L3km Rz FHRE O E A4 B G 3,843.41
cms 2 1,902.67 cms > 3t ZFE 5 km e B G £ 4 W] 5 3,678.22 cms
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110 # & % A &) 3 B U R & B T g

% 1,879.08 cms > > F 5 12 km (% @ RS kT ) HEERE A Y
3,549.97cms 2 1,862.31cms> d pt 7 Frif i ut
95 AERE L P 202~191 8 0 B2 G BB bt -
(1) 5B i i binde -k =2 inig & 8
B RE P A TS AR AT g TR i Rk

FiB 4 A ST FHE R 60 M 30 m . AR 05 R 1

JPEZ EE K Z Bk i 2 RS S o) 4-27 2 B 4-280 B ¢
Wig 60mEEu 05 B fists k5 b (B4-29) > d X ZR3EF
R LT PFBE2 R R A AR o AT 5K 3 Kkm gt K K

i

.
X

6m (i 9.9 m/s) 6 kmakizt 2 A5 119 m (i X
11.2m/fs) > @ LT PEFIR R s ok e BT o R 1
o o T FLILKM KPR T s b 0 HRE ok b A g Im o

lading mFE16ms > FmFA L e nd k1 B E -

SEHEHIE R —e—Simulation result 30m0.5h
5000 Simulation result 30m1h
Simulation result 60m1h
1.3km
4000 M ——Simulation result 60m0.5h (max)
* + + + +
; —
1 1 |
1 |
— 3000 | 2km 4km 6km 8km 10km | !
[} ] I
E : 1 |
] | 1 |
— 1 ]
2 y ' |
3 2000 : ; !
o | 1 1
] 1 |
1 1 |
1 |
1000 —s D NS S - | 1
; - -— . -— e
: i l
1 | |
| 1
o 1 + i
(557 1 2 3 4 5 6 7 8 9 10 TN AR
sie  RIMEAL Wk KET

Distance(km)

m 4-27 ,ﬁ‘iﬁn- /nL L ﬂ_‘r & ﬁ]

11kmp  12kmpk
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Frd AR T EERRAS 1T

e KA
2km 4km 6km 8km 10km

—=—Simulation result 30m0.5hr

Simulation result 30m1hr

10
Simulation result 60m1hr
g —e—Simulation result 60m0.5h (max)
o=
- 1 |
Q. | !
() | I
T 1.3km | !
— <) I 1
et . |
(T | I
= | I
| 1
| 1
] 1
1
1
I
“~ 0 . ! =
A K2O@HE 1 2 3 4 5 6 7 8 9 10 P G NG
it ; Ko KO

Distance(km) 11kmpE  12kmpk

B 4- 28 Fraf s & ki 42T LW

1560 RUBDERAERF0.5/ )\ i'F

W 4-294E3 60 m e pF 0.5 ] P2 8 i B e %

(2) % 2 % % 9 B SRE 1

At R ARIET 5 12 km sz iE B IF 53N 5E 2 13.25 km sz
AR (59 M) & 02 ¥ 4R Kk B B P8 * HEC-RAS
REFSHE AR R EE R od AR A RFER BN &
Boro MOEHE RS 60mM 2 HaRE:  FFuE 05 B 1|
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2 MR A B K s 125m & 124m > Hok mpEdrd &5 530 % i
2 B MeP RR ARG Smo AR &35 5 I0E 95 200 m (B
4- 30) o % 13.25 km e ATHIAf 4R & 5 60 m sk % 0 2
ARk P A B 5 108.61 m (4L pF 05 ) FF) 2 107 m (GH 45
Wl pE) o BEAE G PRI 834 ML A HNATHIRT B S E
Ak (B 4-31) e

%@f%ﬁn&% "

!'. 'n“g;.iﬁt?k

ERE AR S

145

- z 10
kmﬁtﬂﬂﬂj - \ % %
D | ~ —30m0.5hr —30m1hr
| ~ 1 |
w [ \/—\«l 60m1hr —60m0.5hr(max)
115

-

W 4-30 & & 35 53058 5 Rk R B 6 S
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() FEB(EIR) 52:117m

— @S —30m0.5hr —30m1lhr —60mlhr —60m0.5hr(max)

dOTEREP A NIFL T A RN D T T def
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B 0F e A F Y RS FIF R BIGGIS T o it - 5 & U Rl e
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BHBEARAERGTELHAT -ROITVREAAP UP oRFAE
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AR R R R

‘Tl‘lgg o

- R XA BHAIEED Uity £
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4 % on (Debris flow) &7 "¢ ~ FFRRKFR K Lop R IR
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i (a) SAT (zonal average, contours)
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Total disaster events by type: 1980-1999 vs. 2000-2019
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Ten Deadliest Disasters (2000-2019)

#  Earthquake & Tsunami  Indian Ocean 2004 226408 [
M Earthquake Haiti 2000 ze2s70 NN
% Storm Myanmar 2008 138,366 _

M Earthquake China 2008 szaze [N

M Earthquake Pakistan 2005 73338 [

.Q Heatwave Europe 2003 72,210 -

B Heatwave Russia 2010 ss736 [EE

M4 Earthquake Iran 2003 26716 i

A Earthquake India 2001 20,005 [

é Drought Somalia 2010 20,000 | |

W 5-212000 # 3 2019 & FEXaphiT e
() 2R FHL-F P w A
2000 # % 2019 £ FF > 23 LT L B2 0 123 F L hd b Tib
FE4 6F A BEAREA BA 0 [ B 2N 297V E A

SAE 4 (B 5-22) -

=7 S ) G | S (>)

Reported disasters Total deaths Total affected  US$ Economic losses

1.63
million trillion

1980-1999

2000-2019

W 5- 22 ¢ & 1980-1999 # £ 2000-2019 & 2_ ¢ T # 38
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iR T EA R FTF kAT F BB (53%) - it
5 528% LHEIRNT 12%  Ef R FE % GF T 0L
LR F AL L F R F o BRa T 0 UF TRy
4 b8 GDP et (| 2 F o 31 > LT iE S AL BfE P s
FrmApe > Pa v A o) AFE e blde o 270X T Bdp Y W 35%:¢h
RETEFEFTHT €%$“.3§;5€%~:}Eﬁa P H PR NI G TR R EEAL
I bl JeeBrgdap 2 ahid TR EG 283% 0 ek

4
AR XTI A B AR AR LA D (B

123% |

Total numbers of deaths compared to the average number of deaths
per disaster by income group (2000-2019)

i Number of total deaths % Average number of deaths per disaster

600,000 284 300

500,000 250

400,000 200

300,000

200,000 100

100,000

Low Income Low-Middle Income Upper-Middle Income High Income
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AR NI FRE I P AR A R F
FAebrofre i ® o 12 - 35 5 8 16 & chzb ) LRk —ih SR X
HAE (B5-24)c 2= < pii (1) FF ML ERPT= F5(2
FPRSPALEIREDA g Q) M TR FhEREMFL S (9)
FOHR S T M AH RO EIR > 1L 2 A KRG ¥ (5)
ShgR A B G R RGed 2R X R OB TP 5 (6) <t R s 1 44
B MpcnBg s (7) FRaL g £ T ns s |

BofrX TG FAEFRAOFTAZT 2 Bfopsg o

1 OUTCOME 7 TARGETS

3§ DISASTERMORTALIY BY 2030

3 NUMBEROF AFFECTEDPEOPLEBY 2030
Prevent new and reduce existing disaster risk through the implementation of integrated and inclusie

economic, structural, legal, social, health, cultural, educationd, environmental, lechnological, poltical and ‘ ECONOMIC LOSS BY 2030
institubonal measures that prevent and reduce hazard exposure and viinerability o disaster, increase
preparedness for response and recovery, and thus strengthen resilience

4 PRIORITIES

3 INFRASTRUCTURE DAMAGE BY 2030

4 DRRNATIONALLOCAL STRATEGIES BY 2020

Understanding disaster risk Strengthening dissster risk governanceto 4h INTERNATIONAL COOPERATION BY 2030
manage disaster risk

f EWS AND DR INFORMATION BY 2030
Investing in disasterrisk reduetionfor Enhancingdisaster preparedness for effective

response, and to “Build Back Better” in
resilience recovery, rehabilRation and reconstruction

W 5-24 & 5 X %AE o (W% % R:UNDRR twitter)

(X)) ar S G B WA R eafa o

-h_‘\

& kipfd (resilience) B 7 gE L 0 B4R 23t Hh 0 By

AR ho e AT Edma Tl g4 2 Twfh 4 o

¥
5

SRR ERE i SR F L S PR R L RE A
AR (52 FIATT GRTTE R PR o Tl - B R bR L
o

Pt R T E - BATOR R B i 4 F R R R
i T gFend e (P. Lu, 2016) -
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OSSO P E R iE T R A P e A
[N

FREE T AT ELE O RERRT EEL FMAEL 2 NFS

BT 2T b fd L O A RE Y 4 % (] 5-25) -

MORE RESILIENT FUTURE

REFORMATIVE
RECOVERY

DISASTER EVENT BLILD BACK

BETTER
INITIAL RESILIENCE

RECOVERY /
RECOMSTRUCTION

@ 5-25 ¥ £ 1k4p ¥ 42 (David Lallemant, 2013)
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7 /
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W 5-26 A#= ay I (FY %k
https://kknews.cc/other/6alkppp.html)
(D)1 fgrr&= 4
PR RIS F TREEETRT LA HRETFEFL
A# (£ 745 0 2020) - Burland > 1987 & I~ 120474 = &
(B 5-27)> ¢ 7 # B H-3] (Geologic Model)~3 & 3] (Ground Model)
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¥+ 1 f2 407 (Geotechnical model)o 3+ -3 £ i &2 1 4234 3%
PRz TR (B i e 2% BB AREE T LI) a5
B ey TR 5 A v FARRE R 1 ST A 1 AR ECA R
Ay o A 5 RAH A HAFRR FEE a2 R 54
FEipl#-A] (Keaton, 2013) »

Geologic Processes
Geologic History

Geologic Materials & Properties
Surface Water & Groundwater

Geologic
Model

Landscape Evolution
Extreme Events

w Site Investigation
Ground Description

A

Observation,
Precedent, Empiricism,
Project Objectives,
Project Constraints,
Experience, Interpretation,
A Risk-Management, M\
Continuing Education

Laboratory Testing
Field Testing
A

Idealization
Evaluation

Geo-
technical
Model

Ground
Model

Performance
Safety & Risk

Analyses
Measurements

Analytical Modeling
Physical Modeling

W 5-27 <+ 142447 £ = & (Keaton, 2013)
(Z)# FHA R 54
BERB S FRM s B AR R Y4 2 B E e T
A WY B A RE (B15-28) aipM 1 Aex = T B ~ A4
P F R ERE D F E BRI SRR T LA

P
frif s Td A5 7 RR e TR 20 P 1 AR AR

AUNN

W& 2 A4f feiden s TR - Juangetal. (2019) 74y 3 FHCR 07 R
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(b) Actual geolegy (not modelled on a
particular area;, bat all of +he
conditions depicted can occur in Britain)

WS-8 FRABRELH T ﬁ(@i%?b?&ﬁﬂn i
£ (Fookes, 1997)

(@) Some poteatial misinterpretations of qeoclogy of (b) from berehale evidence

(v9) ¥ F R hE 4p

PARAZERG N A TRE 0 R L H R TR
BF 43 Tdafe & DIgpl, cndi s » 2 XN E R332 v+ Tk
BB BEa By B R EE P e FRE R 2
P FIS IR TR ALY B AR BHTRE TP F
Moo fF R A I ARARIK 2 Y% 595 (B 5-29) -
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W5-29% k3 Fale Mial: $Fp ¥ 7 2020
(B)# T 2 3k
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Bo ¢ BT AR WS PSRN TR RA S (1) @

Tk TR (2 SR AFEER TR TS S A Q) s

PR T £ 2B (W5 30) AR Y L 00 A3 2
R PR E ésf‘* ?ﬁ'ﬂﬁi—ﬂ 2% Bl A B Apniv ek L B or

ERFE FIUZEH L5 724 LR 2D % -

Y (Sub-)horizontal layer structures ) .

= s

_’___J

Interfaces in (sub-)horizontal layer structure \
Multiple (conformal) layers

Modeling methods: conventional deterministic spatial interpolation (e.g.
spline surfaces), geostatistical methods, “2.5-D" approaches

/ﬂ Faults and fault networks )

~
~
-~
-~
.

Interface twice

Normal faults and fault networks Reverse faults and thurst faults

Modeling methods: “2.5-D" approaches partly applicable, for fault
networks and reverse faults explicit and implicit geomodeling methods

: v i
,,/— Complex structures and interactions Jnon-trivial interaction between muitipie \
geological sequences (e.g. unconformities)

Complex fold structures (e.g. overturned folds)

Modeling methods: Full 3-D explicit and implicit geomodelng

W 5-30% b3 T ¥ FREAFRLER (A) TkT¥ kS (B) %k &
Hw ’}f-zé F s (C) AFfe2 » FHRBEFY ° (Wellmannand and
Caumon, 2018)
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1% BEpIRE ST R B R

A Eal il S T & s g A

d AT R R S TR Ak AR R AT > Wellmannetal.
= <% (B 5 31) — (1) ®
A BmAEAHR A T RLETH L AT GEE L L 407
FROHE Y AR EREHF AL AU dok
FAE B TGN R e (2) AR RFRPIER RIS
VR EE BT ERE LT ERAR RN S IEA S DT AE
Lo Mg AR S Flap ki K A AR M 2 TR 0 BRI ALY b
Fiee@) AR BESNSHT L ARIER TR T B

SRR RPE G o T A AT R -

Actual position of formation surface Possible ambiguous interpretations
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(2010) #-# FH A2 7 FE XN T A

£

a) Type 1: Ambiguity of structure based on uncertainties in raw data

| ‘
\Contact location uncertainty 0 KUncenainty at points

b) Type 2: Uncertainty of interpolation and extrapolation away from known points

s 2=EF

Accurate position Uncertainty away from points

C) Type 3: Problem of uncomplete knowledge of structures in subsurface

>
<— Fault | Without fault \th fault
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e BYI [T
Phone number

P - |

N=PLN

A=)
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Open Street Map
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 Site 6
School House Quarry
Task list

& Sketch the exposure

& Describe any structural fabrics and
features, then annotate your sketch

O Describe any other features (e.g.
veins, bedding, intrusions)

O Note any evidence of the relative
age of the features and fabrics

Do ta . 9 when
the features formed relative to each
other.

Highlight rocks

Open phase diagram

W S5-374% Ry R REF A EHN (Argles, 2015)

((EEEEN
WITEGIZREEIS S PIE 42 - | -

> » @ rvsorssbl) O] B HT AR TE o BR B aw B TR SU AR TR

(https://youtu.be/2i034rj3rig)
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FIF AP IRR TR ERE
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1. Windy App * §
10S 5%
https://apps.apple.com/tw/app/windycom/id1161387262#?platform
=iphone
Android %x:
https://play.google.com/store/apps/details?id=com.windyty.android
&hl=zh_TW&gI=US

2. Map Marker App ™ §¢
10S 5% https://apps.apple.com/us/app/map-marker-places-
organizer/id1287281807
Android %%
https://play.google.com/store/apps/details?id=com.exlyo.mapmarke
r&hl=zh_TW&gI=US

3. GPS Status & Toolbox App ™ 3
10S 5% https://apps.apple.com/tw/app/gps-status-
toolbox/id1198499960
Android %x:
https://play.google.com/store/apps/details?id=com.eclipsim.gpsstat
us2&hl=zh_TW&gl=US

4. FieldMove Clino App ™ §*
10S % https://apps.apple.com/us/app/fieldmove-
clino/id647463813

Android 5~ :
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https://tech.swcb.gov.tw/Results/ResultsVR
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1. BigGIS E & 7 &F ¥ 3 & L https://gis.swcb.gov.tw

2. CSMapMaker plugin ™ §* 2t QGIS-
https://www.geospatial.jp/ckan/dataset/cs-tool

3. ArcGIS- https://lwww.geospatial.jp/ckan/dataset/csmapmaker

4. FOSS4G 2017 Tokyo /~ ¥ X4 > « CS = iF Rl 4 #* 2= A5 2|2k
https://www.slideshare.net/osgeojapan/csfoss4g-2017-tokyo

5. GzRFFHLYIF—(CzFIFEHE? ).

https://www.geospatial.jp/gp_front/csmap
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cEeR TR EE BRI R EE Y TR 2 RE XK
KT@AAS Pl N RBES R I RE O RAZ IR
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>

I% AP NIRRT ERYE

iR T o T E K FIUAV His2 e AR @ # B 0 k2 REF R
EES W.ﬂ"%ﬁd UAV 3 RS FERE > PREFcLEs B
Fos B RIS A R RERGEGES A F AR T
EARZ 2 TRATERFEEIRT F (B 5-57)

W 5- 57 UAV & T #ci 2 =75

(m) 5 RIATT E — 3 4p R g Ha

WY OMZEERPRE I R R RENE TR AR
B2 FEBE S WP
FEES o P UAV T 3 4 iz
TRBIE T RO FFARPBTISA B ETN O BETT RS RGE
BB drdp A% 1% sudp B2 oA Wi S i (Orthoimage) ~DSM -~
=z ag.Z (3DPointCloud) % = % » i={3 § T4 47 (B 5-58) -
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110 # B~ RHcd 7 L E B W RS B e g

+ * DSM #:3])(3 @4 - 2019)
(B GHIR " — 7 FRAEs 17

Brehe B FRIEH A TRBE L 1 E 4RI P IO R
PSP EARE T RIER G A TR T RET T RE AT A4
PER A4 > P AATH 2 BE 2 kG e AR UAV 74k
kR A e i AR BECIS AT T RER R L
BRI E BETEERE G BN PEMER S
SR RS LR VLR R R AR L ARl R Bl SRS/ o
R A a7 0 ¥ OR-F fRE470R k& 82 % ~ Hydraulic Toolbox 2.
Rock-Sediment Gradation Analysis & {7 82 g 2 s 2 2 47 (B
5-59) -
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" QAL T
(a) UAV 34k & & ¥ E S %1% T

e | Rl 1 Ay
3

(c) # T H ALAE 4 1 th
W5-59 B* ZHEPAIF LS (X REE 5 2020)

()R LEVARE — LT THELRFEAD A

REFAAARFFY A EB XTALT S T AT
HESEE =R AVANGE S 3 S ER S SO AR TR R S S
o TR TR > BELpTERE > AWE G R F
Ao g s R LT MR G 2 S RS

%3+ (B 5-60) -
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110 # & % A &) 3 B U R & B T g

2727900 2728000

W 5-60 %3 $EHEAH
(£)UAV #4553 1 &7 &

oo

2

a2 o paEpt UAV B* 2 it Bf2i> S pdg=a o
BR* UAV 29 F% 27 giplz 27 iﬁﬁﬁ]ﬁﬂ" Blp &
# 4v o bldep A% E i-Construction % & ICT 223 &1 48 > 5 pe
UAV TrpFiplig = &> 7 % tgfgilp A5 84 2 KR 48 0 o> UAV
B# 3t te h 0 2 W ERAR G- e LT AR SR BB

3
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1% BEpIRE ST R B R

BREEA R MEER RS 5 -DAC
15 B % & R ¥ (International Energy Agency) chicdy > 2020 #
>IR3 v (COy) #xi% & 5 339 &#E - Blunden and Arndt (2019)
v rzks § CO kR ¥ 5 & 280 ppm © = & F| 2018 & 7
407 ppm> vt A FgAE R b T P pE ;eFrsrg o frpFoiEgd L E LRI 5 CO,
ERMEF W AMEFEL008 AR BE TR K
TORIRTIOE R &R FBF g 2 Boak g ko Bfhf 1z %8
AFHAGER AL ARFERTRATR D S B ERERER
e L EF IR AR S RETEH e Flt o E R R R
% (RB15-61) B ki hE Kol pF o ¥ F ot

B2 F COENE

(Williams et al., 2021) » & #-4 5 %05 34|
1.5~2°C - o

BERKELEY
LAB

Getting to Net-Zero Carbon Emissions by 2050

""" ﬂ 8 actions needed by 2030
1 Increase solar and wind capacity u Increase zero-emission All new buildings and appliances
3.5 times, to 500 gigawatts vehicle sales share to 50% meet strict energy efficiency goals

Ve \\\\

(1%

5 3 ‘
e O

R&D for carbon capture, sequestration,
and carbon-neutral fuels

o

Eliminate most electricity

generation from coal - [

Increase sales share of
building heat pumps to 50%

— _
Malntaln current natural gas
generatlng capacity for reliability

?ﬁ— i

W 561 $REER%Hh8BFH % (SDSNUN)

(—)& g 57

Build electricity transmission and pipelines
for carbon dioxide and hydrogen gas.

A fredt 2 5% F 2 (Negative emissions technologies, NETS)
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https://www.unsdsn.org/carbon-neutral-pathways-for-the-united-states

110 # A~ A3 #) R Bt UH R e g

et — 2538 (Tapia, 2021) » 4@ 5- 62 #r7 > Bac B B2 B ~ A3
24 F a0 cpk f & {eit 3 (Bioenergy with carbon capture and storage,
BECCS) ~ F#% (Bluecarbon) &4 chfp 5 ~ @ * 2 B ~de it 2
24~ 47§ #JE (Direct air capture, DAC) ~ & % /44 2 4
Hoph 2 2ERFFE > Z T a3t CO e

#¥¢ 5 BECCS it B iend hexyz+ £ COp v 4R AL L [
P BB EHEASTRET S L RA L D CORHTIEF T -
AP R LS @ CO MR X F A& s T REFRIF RS &
% (carbon captureandstorage, CCS)» @ 2 4 "€ x5 | M F R &

_.___

E#L»;;oj;y,DACp,i;—s;zd& tﬁ‘"m“ﬁ"v,éﬁ,' gl"?‘

P en g gl (Fussetal., 2014) -

Ten options
for negative
emissions
technologies

~ 3 \ Enhanced weathering

g with biomass

10 soit carbon sequestration

9 Biochar
B

CarbonBrief

W] 5- 62 Explainer: 10 ways ‘negative emissions’ could slow climate

change (Carbonbrief)
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1% BEpIRE ST R B R

()2 A Ek -+ he s § i & (DAC) 1 Fo/spa-k 9l 45
£ Fr B+ DAC 1 f> 2021 # 9 2 8 p B 4eiF (7 o LA gl
7 Climeworks AG £2 7k § s &% 15 o @ Carbfix & 1% » FH i i £58

TR EengoE e 4 o B g - B F E ¥ ez 4,000 ¥ CO, 5 DAC

1R (B15-63) B J&at 4 4p % *F 790 it & — & chtac g o

W 5-63 & B B+ erp H 3o i 1 B T Orca (carbfix)

(=)Carbfix & 4 2 1= (Sna bjornsdattir et al., 2020)

£ Carbfix 4 1F* > Z BB X = BE K13 FIFAMAPER
k4w CO (B 5- 64) - Carbfix #-7 p A% Bl (7 5 £ 4eid gt f R
A2 # COiafat-k? » @ H%a— 48 TEph-k/§ i -k (sparkling
water) g » $iX r 3 T REAE R (B AK) Y SRR
FEAKfrF 2 o

2H*+H,0+ (Ca, Mg, Fe) SiO3 = Ca?*, Mg#*, Fe?* +H,Si0,

Foeok A 3 0 ReFpAR S R ARS > L F E B T R
BAF o TR E ST T g T S F A 2 #
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RE G T B FERRNCO R E - AT AR

BT B R BB B L TR A P o

B 5- 64 Climeworks' new direct air capture and storage plant
Y

(Climework)

Pt d g ek b TR 2 RA Rk R B
PABREHAII I R AT RO Mo SR B AL
FIETER AP F ECOMBTRF EfR T2 XL -5

¥ Carbfix i @B~k 'tig e 2 ¢ g gHEF COhd # i » i
A CO &2 2 AR - f LA RN T R U

EoORILE K
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FIF AP IRR TR ERE

@ Carbfix
s
<ty

(%> %) How Does Carbfix Work?

Ra o DAC MR- HATEY = A F Fechfe > RIEFRIFR
ARESER 0 B U B R R IRT 0 S iR ~ T £ 0 1 DAC

Fg A o AU BR R Sy 0 PR 23k G 15 RDAC 1 o
& EHEAZE 9000 P COo @ P £ Wa > £ = & (Occidental
Petroleum Corp.) &+ B % ¢ F Rk~ 7 DAC K% » #-% 2022 &
B e E S0 s ATV M v 4 B 100 § ¥R CO, |
(19) = BB

>t DAC ) 1 Pl BB T ATen@If 0 50 R
RATEA TR e o AP 0 ATl BEE I EL £ F ¢ CO,o
PLBTE T SR R e TR T B E R 5 AR S 4T B SR
FuoBiB3 M 4ETT L STl TR E 23 $2.COy ) = B 4T
LPEBEFELE MEEZHE COy Bfely (L4FiT5 4 A -KIEh
Rt w E KR o st R TR 1 2 COy S 1 R F
o B XTRE < FEAEE (R&D 100 Awards) ©
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https://www.youtube.com/watch?v=NWEvcv6SVR8&t=33s

110 # A~ A3 #) R Bt UH R e g

ad
€

& KRB & Z R AVIER

(8 %) 45w g4t JE CO, $AF2 B ¥ -1 7 15 (youtube by ITRI)

i g B E CO, BB1LFRAEF YN 2m g I B P4
kL FRE (B 5-65) & FAMAER S  SHEIABRY S HE
ik, 2 TRERMERA 2 BHPEFFAY > 1 2 TR
Yo 1.83 227 COy o U * »x 5 5 A 7300 B o gt Fsg 2 (e
PB AR R fue COy 0 & 7 AR cniE =% ~ DHA 7 514 ~ £33
{9 A ® (B 5-66)!
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https://www.youtube.com/watch?v=rEz-2BGy_gM

>

$I% AP IHL O F BRI

) t: ’] (HHI = ) 0. o. |
KR %M BE B BERIA A% - DHA
HIWCO: MEEE SHEEDHE

W 5-66 ¢ kBRI HAZT AW (5k)

()% F 4 3Ap B g2

1. % k¥ (IEA)-2050 = F st (https://www.iea.org/reports/net-
zero-by-2050)

2. Independent: World’s biggest DAC factory
(https://www.independent.co.uk/climate-change/news/carbon-
sucking-factory-operation-iceland-
b1916825.html?fbclid=IwAR3T_Cr15JS1zLOwBglAo2to79a3ww8E
NSVI3Jd7bX7rwW84BjKflg_DbWAS)

3. Carbonbrief: 10 ways ‘negative emissions’
(https://www.carbonbrief.org/explainer-10-ways-negative-emissions-

could-slow-climate-change)
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MESEE N SP NS L e SO i Jak

O REAF AP TR HR

3 A paBiE A e 02021 P X E R SKRES K60 AT
Wb 2 frakta s @Y ke PaReg ok
67 4pEissAga R abpl P Ea £ & 209mmh &3

2

RocH ken G SR RG22 2 o pfifmg § P F07 TL 08
BF P WA DR P AERRER P A RE e
X EGUE o A TP ABRC i F 1E 0 3F 5 R+ Bidy (Big Data)

% 43 9pa (Artificial Intelligence, Al)  enbr s o (8 5 § A&

5

PR o F G ontE Mg R A e i B -

(Al & Ji# 3t & Ap i ’ﬁﬁ"‘ﬁiﬂii@ﬁ%‘?? 2137 58]

-~

LEAIFEOEE > BEEY (Machine Learning, ML) » %]
it
%%v'oﬁﬁ%ﬁg?@#ﬁvﬂw ek BT RS ERR R Y
RN ZE 2R R AP RIER AR AEE G 5 20
o ALAR S o ’UI‘% BARIE P L G S AR B e E & o

22 Al $jFenp & CyborgCrowd % %

—
Iy
S
s
R
1
2
%y

bt AT i B g > ERARPEFRER S AN LAT
T Rt AR EFI AN AT SRl B
TR SR AR Y Sk Hcdp o Fl P > Morishima ¥ # #
CyborgCrowd 5 A & (Teh& % » B4 ¥ % ¢ (Integrating
Crowdsourcing) fv 4 1 JF a0 ehBijis » & %ﬁ" d ¥ 4 k8 (Middleware)
FREI e AT BEFY 2 N E L mb L B RER

B AL B Y s o
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Crowd4U/ CyborgCrowd

Disaster . Microtasks are 5 Rapid Generation
investigation Satellite photo generated and distributed by of Disaster Maps

&rabndens > :@@: %8
...... ———q

damage
situation

6 To the Emergency
Operation Center

Processed by
people & Al agents
from all over the world

Disaster prevention and
crisis management of Ehime

W 5- 67 Crowd4U % & & 57 T (Crowd4u)
CyborgCrowd % % p % % P AFcfrfesarufd p oo qp M five &
CrowddU T 5+ # 30 » &% 2524 % 8K 3L (] 5- 67) & & k3w »
BEELERIBEHF - BROLARY  SET S Al G R
PEES - BREY YRSz AP BRI A - BHE DR (B

5-68)c Pt hEs L AFEE FpALTHBELBRY 07 7

W 5- 68 Crowd4U . % & & 5t &, B (Morishima et al., 2018)
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http://crowd4u.org/events/mind-cndd/index.html

110 & A& « ARt ) F B A B AT

(E) BFTEERMLE s LA OSNS Ap A2 B3 UFEE

F*%a’m§ﬁg{ﬂi—%fﬁ$%$%$%%€ﬁ%@’
TRERE L R RIR 5 E - BEE b4 S 4 gD T g
T % - F R Elss 0 a A eE e B4 E e (Social
Network Services, SNS) 3t & e 4§ 3 3 b Fo il 37 & 510 Sn iy iR
Peo bl4rp A3 2016 £ e3P 30 1,741 B SNSAL# Y - 4 934
ALF (53.6%) B EEPFER-H MR 2 F A EER A o £ 2 op 2014 &
BAe b BEA G K- BFFH 4o d GEAELE OARKER T P A
BA T a815% - gt > NTT DOCOMO 74k ¢ #2 7 #73 2021 #
17 23 5857 >0 SNSEB L T2 4t >t 5 & ) d 1950+ =
) 38.8% (B8] 5-69) &5 m 1 4 i & SNS F Hic iz 4 At b|i% £ 5 4o

FRLA AP A AR - R A R

80%

o 68.6
70% -_— sLE
60%
52.0 X
A2 =3 Fsnsk<)
50% 48.5 Fﬁ%‘,‘ﬂ%ﬁ

TYTA— - BREHA—L

40% SNS

IRRE - HRAE
30% SEFRDA
SUF
ARFEDTTY
20%

— EE - BaEE

10% \ 70

o — EH DA

0%
20174 20184 20195 20204 20215F

W 5-69 P F T (NTT DOCOMO)
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$IF BEP I B TR R

Fp o p kB Al E R £ 2018 #FF 0 Ty A1

Eao4r 8 E P SNS & Aauyidne g o hE 4 LERPF o B A 19T

5-70) -

- T
e ',?f E;Pds; EEan
47,4 e “mw
N, = Twitter, Facebook, P
LINE, #&RRGE s
HEE RRER u— ¢
MEEHE SNS g

L P [[FAXLTEDRE

&R AT

SARTL (] 6

ATLFORE(AD D—TWTHD

BASBNRANEER & -
SR FAE

K FIWIRE G OF ] TR - M7

1B #RIE 4 MA DRLES

BEREFTIK T DICHE
EHNLE LIRDER G

\ EEMEAFARATIHRTHHRN

B 5- 70 SNS T3 A 45 4 LA W (SNS 47 4

(r9)SNS x Al — T iz ) £ v 2 & ek & & /K d& FI B

HY - g upt ehd |5 2020 (40 2 &)ehk a2
8 {8 Spectee sz R P AR Ao FH P E - 71 Al @&

7 SNS A 47endTd| o @ P BEAEE TFELTAET 2 P E LT
B % 0 B E R F i E HERIT o G Pl B B d
Bhtg TR, > TREEELT O AR EE

2020 277" Ap R ABS0A P *F % Bw jis AR a1 16
BAfem 2 A4 B FF T T FuER | > h gk

A VeI AT s p AR @t Spectee o 7 e
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http://www.kri.sfc.keio.ac.jp/ja/press_file/ai-bousai_2018_guideline.pdf
http://www.kri.sfc.keio.ac.jp/ja/press_file/ai-bousai_2018_guideline.pdf

Hi g ARR A F B an Twitter @ # ﬂ LR TR FF s 2 2
BTG o TR IR R R E R LT kg
1o % B (B 5- 71) - #ZgLssié * Al 4~ 477 Twitter ~ Instagram ~
Facebook f- YouTube FAr3Fifefecng 2 Tl TR H it k2 L
% 0 T AT e Bl oM X FE R 5 E LA P AF SRRy

B pEZ ARG A S A EREY T

[ & R\ ETHEBORKIRR #E)

LU "‘1“‘/ a2 KRR

~"

N

——

T

[eerz i

% Om
5 TR

e €] 1 Hj'l'lawtov\f\frﬂrb YE hk

W 5-71 5%k L LW (R % 2R

(A)ELEF %~ ~Bo EFA AL BGEEL 57§ @R
Al 2 2" U* >0 % > P A f % ¥ ¢ 22 Spectee 2 Transtron iz
SFAP LTI A AFES LA B FRET T K
Vo MFETEOESE I TR (B 5-72) 0 1B kR F L
s 0 AP LT 2020 & 20 26 R0 & 1P AL
177 AT REARY BT R e Bidg  ER idpfop A %
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B g nF licdy o R RR G GUCE R B eRE Bk &

WREIE AR B B S H e FER Y R A fRT D o

AIRURRT — 2 AWV TREF

S transtron

wrEa F SO0

Spectee’

>, 7/
L ORI © B ©, O ) JVV/(J

BERRHE

I@EﬁL
BEASHORELLETD-®
- BB KRN -8

- EREEEORSERD-®

W 5-72 B *§ %+ € 22 Transtron 3 Spectee & [TA F B & T
(Spectee)
deiiie- HF R SR FE AL T o A o2
B Glde P A F % € ¥ Spectee o & 1T 0 I B BRI N UTIE
BhG Lt FRCBAGI TR BETEIFETA S
FEBALFELE AT TE AR IFNT FiER (B 5-73)
BT AL $F28 et B dhorndt sa 0 o8 2 A 9 — Ao g g
W AL A KL 57 e enig v |
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W 5-73 55 &

et F T (Google)

~=$
e

5-72



$IE RP P ST SRR
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=

BoAE R @R 1970 &  kend @ iz e g R TR
B Bif L & (2011~2020 £) AT B B o A2iE T BT S B & e
FH %4 (IPCCARG) @ A2 %58 (TH ) Lifd -7 &R
(1922 # 1 2011 &) = + = 5 13°C» * 7 50 & ~ 1T 10 & # 8§ 4o
FARF G S ARRREF R RS 3R F R P B A
LA g O ERGGEBEZIPH BB ARl

AR F KRR EEE L < oL 2
Lok R E A RS S i 5 8 A B ER kR LR R

AT H E o E A R EYNE A T e B F I g e
3

=1
F_&
EAN
ot
g
E
»‘ﬂ mw;

BT sEz 5

IPCC ARG SLff 7 B % f M i 27k § G RB2 PP F 3%

BEREBFEFIRFIE LT RRR A B TR P s A 2
k4

LS T T IR ELEREE

ﬂ:l-e}

Bn A SRR R E SRRT AL FRERE

2 Ed R TR A TAE REF L R KL LR
ERY 2 F ERBOPRAETE R EFETH DT E

BRI E R TR FARARY 5 R TR R UTE

%4~ % B f#47 & ~ % f Dynamical downscaling H i % 5k » & 7 it

BB ER AT VEERG LT R ERIERI TR
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110 # A& ~ Rt &) 0 F B R AT

B B TSR RAS MR p F A6 RER AT S
IS F 8 E S Mabenpr B 252 B 9 3 6600 § B end 2
#* (The Mesozoicera) ; iz # & i~ K% TEY S e PR

g a5 % (Pangaea) B 44 B A IR 4 Vi eril R
R R FERERZEY - FF BT R P g A

(Hag, 2014, 2017, 2018; Haq etal., 1988; Miller etal., 2005; Mdller

etal,2008) ~ = ¥ f“aE @4 ~ XHRREE B BFEIHT > # F
> F A4 E P R g i85 ® (Chaboureau et al.,, 2014 ;
Donnadieu et al., 2006a) - lgi*iﬁu* e i A AE o
b %‘”f‘”ii‘l’ B2 SR GRS 1 RS AH T

ML EA R R FEEL A A A RR S d R T
AR A2 2 R VIR ATH B oA LR (0 TR HRE 2
BRERIEE) HiEireER 4 HF (UAV-LIDAR & SAR %) = 5%
A AT 2 F M RO 2 s e Bt SRR RIT R

NN
]
\
1=
g
\l{_
o
%
\.\.\_

TR EY 2 BREERAR SRR ET
AR AL H ARG K2 G R B F
WRCEFAREM SRR I LR ERINR SR AR
Py o IEME FMAE 2IA LR

B TR E g R W TARRAET S REPE

WA IR > SRS N 2 A E G H LS S
dofedl T MALIFFEL R I LR LA ed TR LD
Folkg o HRFPLIAQEPENA L EA I HEERFEEHE T
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https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020PA004134#palo21046-bib-0031
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020PA004134#palo21046-bib-0032
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020PA004134#palo21046-bib-0030
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020PA004134#palo21046-bib-0033
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020PA004134#palo21046-bib-0054
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020PA004134#palo21046-bib-0058
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020PA004134#palo21046-bib-0012
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020PA004134#palo21046-bib-0017
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Interpretation and Verification of Morphometric Parameters in the
Watershed Scale-The analysis of the watersheds in Yusui River

Chao-Tsen Chen M2 Chen-Yu Chen ! Ba-¥i1 Kaof!l

ABSTEACT Sediment disasters are closely concemed with geological factors such as watershed, terrain slope,
aspect, form factor, and geological environment. However, most of the morphometric parameters obtained by
analysis lack the discrimmation of dizaster types. In August 2021, the heavy rainfall cauzed by the intrusion of
the peripheral circulation of Typhoon Lupit caused the Minbaklu Bridge at the confluence of Yusw River and
Laonong River to be washed away by water from a large amount of sediment. This study takes the Yusui River
az an example. Using Melton's ratio discusses the possible disaster-cauzing types of Yusui River and the results
of the morphometric parameter evaluation through aenal photography. The result showed that Yusw River iz a
disaster type in which hyperconcentrated flow and debris flow coexist at the same time. Melton’s ratio can be
used to determine the type of potential disasters at the watershed scale.

Key Words: Melton's ratio, Yusui Eiver, Morphometric Parameters
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The trend of sediment-related disasters triggered by rainfall in

Taiwan recent yvears using EAR

Cheng-Ying Chuang (11127 Yung-Chiau Lin[l1 2] Chen-Yu Chen(!]  Jyun-Wei Chenll]
Wan-Yu Chanll]
Abstract In recent years, the frequency and intensity of extreme weather events and the sediment-ralated
dizasters have been increasing in Taiwan. Extreme rainfall is often accompanied by sedmment-related disasters such
as zlope failure, debris flows, landslides and floods, causing severs cazualtes snd economic loszes. In this smdy, the
QPE radar rainfall estimation data was uzad to replace the ground automatic rainfall station and the E4R (Effactive
Arcomulared Faimfall) was caloulated to show the exmame rainfall distribotion. Additionally, this =mdy collected a
total of 404 severe sediment-related dizasters cases canzed by rainfall from 20046 to 2020, The cazes were comparad
the time and spatial characteristics of the disaster ooourrence are used to analyze the changs trend of sediment-ralatad
dizazters in Taiwan, Also, the vizual representation of the peak distribution of EAR in the whole Taiwan is presented.
Owerall, the zlope failore iz the highest proportion of the dizaster type (44%2), followed by debriz flows (27%)
Moreover, these dizasters were easily ocowrred zt night than dayitime. By the correlation between the effactive
accumulated ramfall (E4R) and the disaster cases, when the E4R reaches the 650 mm of the debriz flows warning
threshold valie, 74.0%% of the severs sediment-related dizasters have ocoorred zo far. This study comprehenzsivaly
summarizes the sedimsnt-related disasters caused by rainfall in Taiwan from 2006 to 2020, and the resoliz will be

uzed 25 2 reference for fiture disaster prevention strategias.

Keyword: Fainfall land:=lids, dshriz flow, QPE
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