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£ Ao A5E A Ha5 24 mdo] 238 A A XHUr Fow 4t
AN Ak} Stk At A% Ee] ohE sl 891% st
oft}. A2 7V 2 oS T AR EL SR 1x}0ﬂzoﬂ )
S WA 2 35S Yol AL Ao 2X e TRl Ates
B0 A Z971 obr |5 Tl B SRR A% 2] thd Wkt g
ROE LA e, olo] A7 ) 9] Abite] 2 B 8l hg A
E30 54 AL T3] that o4 S Telst, ASE A AT 14 1Y
of) AbAFelE 3hAIZ 9ol Tl A st s

O APATEH 2 St

NASA= A ANA] AR DA =8 5510l 101, 2007 d7E 20199 Aol
of| ©F 11,0333]9] AbALE7} YIS A 0 & YAl kD #R]F oy} WHO
(World Health Organization)]] WH=H 998"4 FE 201797FA] 207 ARA}
B2 oI5} oF 4807t Ho] W= QUL 18,0007 o}Ado] ApLsiich £35] 715
HakE Qlof o B A7 Y @f A& ol istal Qlet2)

2015EEE 2024E7H4] 1087 EHYSF ZAjA|Q] iy ARAfe] T sole &
ok 250] Pa|(eF 3% 4,7002] ) 230 2 AAE T e} s glo|EE Our
World in Data®llA] AABKS Ao s A A 1 27} thelo] z)go] Wa s
AAEE SO AP msigdoltt.

AAHER A B wsha ] A9 A AlAIZ R EYEEE F451] o3¢
HAFARE ol-ge A 374, vHofut s H HIlAof| AAJE AAFE
B AEE H AT, TR 7 F 2 AR A St HEjEhe oF 201

ZH RS e A Sl o w, 22 101897te] wishE o] 32 4,700 A

o ol=2= % o AAA o2 AA wsi7t 2 Ze 1 o At

il

1) Landslides@NASA. Landslide Team Projects. https://gpm.nasa.gov/landslides/
projects.html#GLC. 2024.06.07. F<&

2) World Health Organization. Landslides. https://www.who.int/health-topics/
landslides/#tab=tab_1. 2024.06.07. §<&

3) OurWorldinData. 2024. Economic damage by natural disaster type, 2013 to 2024.
Apr 11.



[EE 1-1] ZIMIA] LEALEY DfshZ 4

oL IjsHz4($) b IjsH34($)

2015 8,000,000 2020 130,000,000
2016 725,000,000 2021 250,000,000
2017 147,300,000 2022 0
2018 928,036,000 2023 0
2019 200,000,000 2024 88,110,000

£X : OurWorldinData. 2024. Economic damage by natural disaster type, 2013 to 2024.
Apr 11.2024.06.07. %, LERH IHHY

D YAIEIT QA MAIEHD

O e
2014 3%, PR 5+ ©.4:0] A7 Tk QU0 AT Akl 3]
o 2 337t wrgsloick

[22 1-5] YHEF @4 LAALEY
ZX: Long, Priscilla. 2014. Catastrophic landslide hits Steelhead Haven, near Oso, Snoho
mish County, on March. HistoryLink.org. Sep 17. 2024.06.16. X%

S AL Q18] 49%9) A% ol vhEEIgom, 4310l AYst Q1
sh7h eAgshaict. ol bl S b XAl AbAte % St 7)ol
ek

4) The Seattle Times. https://special.seattletimes.com/o/flatpages/local/oso-mu
dslide-coverage.html. 2024.06.16. 8<%
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QA4 AR I8l 437 AP E o] FUgRFAYSIGATE R Steelhead
Haven A 497|9] €3} 7|6} t-2E0] viEH 2 08 B 1 EQir} ul=ofA]
7P 2 TohE & AR F ot R 715 Q4 A= ARAFE 127} ¢
T Holl &5}7] wjizol] thE-Ee] 71Eo] ebd x|l o, ZHafi7} ufe- W A
Aol FHIoHA ZolFeh. T A E G AL 2 i HE AL
718kA o] Az &3 o] AbALe AY o] S QI AFAL Ao &
FE FA AR EAPA Y ] 2 T291 5308 F%(State Route
53007} 2F 1.6kmAF=| I}, 2= oF 61|E Zlo]9] EAL L 5 Zsfol] 25
Aol A5 Az 4= gl AHi7F = L, AR mohE P2 Aol T A]

F
o0 =R YD o] g 4L op IS,

Stillaguamish 739] B2 x| o] AbA}e] 5|2 Q6] F 24 0 & utg tjoksl &
AE oF7 15t 730l H7] miZoll AFHA e 84 3ol AHsigien, |
o] ] B A 515 A E3E AR B4 910 EIRITE. B
AR 915} 23 ko] FeHE 02 Wistalg o, 7|20 A ueEe A
of 717k A2 ®skelYict. 2F 7,500,000m'] ZH5f7F S g 7] whEo] 7]
&9 1H B A9 ok 4 gle A= ekt

[ 1-6] YHEF @4 AMAEHE Q15 AR Ht
=X : Seattle Times staff. 2024. Oso landslide: A 2014-2024 timeline of devastation, disc
overy and memory. The Seattle Times. Mar 18. 2024.06.16. T&
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% 7] olAfelo] WHAYEI S, Q1. At S| Q15 o] FriSe] HAl
2 Evkous A9tk B ARSo] Al 2 T Aol e ok Sk
Sjg00, e olo] tisto] [ uehat AHAIISNE ASIck Tt Q)
S0 2 57 8 A7 915} A vl 8 A o] o] Folzirk. 30 Frst
QI £, Jel3 A TS P AHE 204 B ATAL 0 IR

o WejEe At

3} Aol = HAHA, Do &u]|E|(piezometer), A 719 &
ol A|AHNS Zolo Mt XA MU E T AH|E A X G3} 1 FHof A

Spgiet. oleie Gl A A, A3k 5919 Wk 5L FAIsle] ALt
o 2 TR S ok AT 4 i SAREE AN e, ol 2
ol 7]t 7] 7% A2RS AESISITE. F 8 K 7|2 A WSS A
£ PG Aol Hfet AR Hlolel S A1BSHE 27] AR AARS o]
Apefel Abtel efulat 4 YLES: Steick. 2, AbATe 27] A ALHS 5 %
A2 AR AR A% D el Aste] 2Ale] st

AW U} 2415 1 5 Y= S AT

APATR Y773 AAIE ARdst] fisf = AN e W v i eSS
sttt sl X[ G} T |G 9] GArES Petsh] fsh Ard b st 2t

< I ol & A3l S8 U, EY X
o] &=tk EF S FEE 5 = EY 5= U = S22 TRV
At Hi= 27 RS, FEE TElstal AL s E0171 A
3l <= il B A A e A 22 a b Ql Hilas Al AR AAISHAL AR

Sh= 29SS

oL

X)) 9 F A A 1918 2] 210] AR SIe) WA S ARSIt
P wA| D ASAE A AL AT TefshEE sglo 0], Belsto] Exo]
£ 9 A P B et olo] Heh Re TAN L A%e

o
[
913 ArAtel 9ol 8 M9 0= R el A Az o ABHES: 7]zo] A
© 5 A RAIS oL BAIA] T ATAE 2]
QV|5}E Fo 1, B ATIHE Folt AL BEE Wk



@ HHISAa} B2 7tA(Vargas) AALE(S)

O 7He

19994 12, ¥jd|pde} vt27ks oM AR 2] 1] A7
Aot F9-= 3|ttt S5/ TP, ofeh-SAof| AATE7 TS
of wHo] 2A Pt wsirH LY. Rt oz BiEriAl] Hl=5olE)
AL == o] Al AL wi R 17 ST FH ARt A mE, 18 Al
A A BAA FFe 2T Aor HuEt

- — SR .

[ 1-7] HU|Wa} HE2TLA MALE] DSHX[S M

=X : Larsen et al.. 2002. Natural hazards on alluvial fans: The Venezuela debris flow and
flash flood disaster. U.S. Geological Survey Fact Sheet 103-01. USGS. p.2

O maes
HRE7hA ALAFERS: SRR A R At Aol ofe] 30,0009 0] ARGt
AYBHAOR, % oF 209 Ho] Wi S HASICh, B AEAES W
A, 24, 7] W4 Qlo] dARSU BAAR) WelEohe o 209 e 4
Foz AARAOR, BAA H|SAetolA] 71 B A PR
Aoz 72 slojglt

6) Wieczorek er al.. 2016. Debris-flow and flooding hazards associated with the D
ecember 1999 storm in coastal Venezuela and strategies for mitigation. U.S. Ge
ological Survey Open File Report 01-0144. USGS. https://pubs.usgs.gov/of/20
01/ofr-01-0144/. 2024.06.16. <
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BR 9F) A% 250 ARl Q15 EAte] oaf S XA mA} olefe] £
ARGE/F5 A} EIie AR Qlet EANRO] whEA] B, 1A 2
o] gol 7Heiet gjelg Al A% FRES| YRR HE A 9 23 %
2 w82 Qoich w2 oL,

% Hu|2 A gol Zekioiet. 9= A8 mhE Q18] $AAF |27 B2 oleie)
ek Bt oljet wsiA o] 2 Q12X e B2, Y, TIANL EFA F2
7]k o] A8k S EA 98] st EIglek R0 B2 B A ol g
BIR5T Hept Hlo] 72 8 75 Bl ol WA

ARt Qle vt2 7k 219 9l Ak F3e] S5 Haksteltt. At o) vig
Ho] FuA WHaL, EAFEC] o g EefEe] 49 55| Walslyon, §e
B0l EAPE 4ol /g4 <] ol E7FsT A2 Hskstglt) o
g, ARAJe] o] 5ol Ak A4 EAF0 2 Q1 EFFAlo] A&7 0 & WhAYEke)
o}, 2, 2 2 glo] WSt SR AFARECNA 2344]] Wshe YR

[Z22 1-8] HIZTIA LRALEHO]| 2|8t 2153 m[aH
X : Muioz et al.. 2012. Risk Management at the Latin American Observatory. Risk Man
agement — Current Issues and Challenges. doi:10.5772/50788. p.543

HRE7kAR|o] AbAFER O] 9 E4ot HatA 0 & dof wsfo]] who] Betst
A 3l ssfololet 71 ofel 91}, AukAQl wshole 4410] e
o= b1 ik, A%} 7]k Al do] shlE A Ao AP
T B8], 9 Aol 47t BAS Atk AR QATEAS XL
=TS 10 Sieha v 8-S RSt ek, Qluet £U= A% T
A 8 72 A)9of ofelgo] LT, ANkl EA] gliet &4lo] ulfsle]
sl x|ofo] B7E7] gJ8) $d9] Alzto] ATfshelc
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o, j> J
My B o2 HN
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O cigger
AbAFEo] Fokeh Il QgBtE 918 S Hit 2
7222 EHo] FAE gutel] 24siol AW ool £8-8 et
3 AT ol 5 kel Algloll A2 Ak etk B8] ALY Mm-S
ARG 2N EYRIYEIE ERSlT, HA £ f2S B8 5
AbAYE] ) Bkl B ol FAEIgck. E ThE AbAele] ARl YRl
BeIE 915 A B4 2 A5l B 9102 AR e
NARS AEA FEHGORN ATA Bl S ERSllT, 5 wieet 22 A

3} vl A| AL Hx]50] 2|51 22912 Balsla Qik

filo
ol
o2t
_O|L
pAo)

AbALE 8ol w2 ]S X Axstor] ol AbAFE YIRS sk, A
H 78S B0l ST AEetinh. ABAIY A7 9] 39 A ™ A
IS A5kl o] F HIF 2R EX| o] AlYS 4SSl &, AR I
7Fs/do] =AU, At msiRo] Sl Aol =2 718 APl B4 5
L5 SISt 15 7| T = AR EAIR] Gk v WAE A
Slsk= W] AlRFE|AtHLarsen er al. 2002, p.2). o] Tloto] P X0
FEIZNE ARRIE S35, 11919 A o) Aol RS2 F9- bt A1
O 29| o]FF AUt

TS, AR S &Sl FHSE] 1Rt A|ARRE ARSI, AbAFE Y
716/3= AI5sh] sl T A Y] A-RARE 353l o, AREE fE
Sk= 58 821°1 714 BUEY H oS A|ARE 75 9 55IelH. ol & B
Fog AXNZE 714 BUE Y 9 71 TST} o Sof 7|8 ARAFE] HE A|AH]

]

® QT U LEALELS)

O

fo

o
21 ATl QLS mlslele el e Bl nhgol A WAyslgich 20144
U309, 33 F9E I3 AfelsL fEiglon we ko) AL Iy

of 2 a7 AR

mlj

~

7) Wieczorek et al.. 2016. Debris-flow and flooding hazards associated with the D
ecember 1999 storm in coastal Venezuela and strategies for mitigation. https://
pubs.usgs.gov/of/2001/ofr-01-0144/. 2024.06.16. <

8) BBC. 2014. https://www.bbc.com/news/world-asia-28559617. 2024.06.16. <4



[23 1-9] QI TSI AALE] 'Ll AFEI
=X : Petley, Dave. 2014. Malin landslide in Pune, India: a mass fatality mudslide yesterd
ay. AGU Blogosphere. Jul 31. 2024.06.13. &%

8 APt Q13) ZAIA 4 i obt gt F2 [P s e st
o, A%E 9 Qe B &A4fo] HASIGITt £3] oig A= 54
2 A Gof| A RIS 01, 0] -2 x| o] A 5 R sfo] FFsirh=
A =2l AR H A

APAFEIR Q18] F 4 15170] J<2 eiirt. B4 ofy 2t g2 Alee] Is=
Al FFE AAU o]l 323 ALl 354 Rohe 5 A4l He 7
S7FRIEISHA DAYsI i), Tt oF 5579 A=l W He T 7FA12 43
Fozo] A E I FA] o] A Hofl= oF 2009 0] AFSIA L, A= U]
Uk gito] B4R e FUE2 BES s

=44 5f SHM At F18-S ZRt W2 A5ET BA A EE
uty|sto] 2| AAE FHeAzt. APt it ER: Ao Q8 75 5
T2 250 AsfiE|o] At o % 3 B EA- Aol AAH A lE=olHE
7G-S} 716 71EEo] & EEol FoiFor, AEAE HaL A4
= TEoP] A A7 A FRt ALE R o AAE EARSRE )7} ghot
BIE AT g =0l

[©)

9) IANS. 2014. Maharashtra’s worst landslide claims 82 lives, 130 still trapped. IN
DIA TODAY. Aug 2. 2024.06.13. &<
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[ 1-10] QU L2 LAE] TS SIAR
ZX : Mishra et al.. 2017. Post-Disaster Investigation of the Malin Slope Failure Deccan

Plateau, India. National Geographical Journal of India. National geographical Societ
y of India. v.63 n.3. p.3

W) 2| U 0] 0] BE A%E3} FxE0| T A= 28] 1 So]
B350} FA7} YA P 5520] Welt HIglon], tiREL ASo] 1u]g
ol lole] 11g} ule] ol m BRI SHnel BEA S HeH trEe) 7]
5 A HElgT B2 we, A 5 e )5 A)4do] AaiA &4kl
U 5] w9l ARl Qle) St Halg.o 24 HeA e Ho] 3
E2 olggon], 72 % 75 BES ANt

SEACNIND B e o1 F AT SIAE Baloke B0
B2 Tt Aotk 73 A7t g e B9 AT 4 R 4
Si7H 51, o] A919] e FuEo] 21 7 AARS 88 gof 40
ALAHL S ﬂ 4 ?J%it}. WU 75 A AL Q9 st

QI Wl |9 EGF T AbAel TSl np hA 2 Bel 2] Abatel A Q)
ot 735} S ek, AV ) BOPEE M2 RS Sot-312 7

2 U] 5 Ak a A=
A9 R A el ek AE-S Washsich. oloh Tl & Te) A4
2 5t SIRt A5 BABIT o) B3} EF HEt A=
Sp3ict.

10) Ocean Global. 2023. The Ultimate Guide to Landslide Prevention: Tips and Te
chniques for a Secure Environment. Jul 7. 2024.06.13. F<
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Field suciace Terrace wall or terrace riser B-Width of the field surface

B: Slope gradient of the terraces wall
Ridges or embankments H:Height of the terraces wall

[28 1-11] HIZtA AS GJA|
£X : Deng et al.. 2021. Advantages and disadvantages of terracing: A comprehensive re
view. International Soil and Water Conservation Research. v.9 i.3. p.345.

o)) Sl W Aeiah TS Bk AbAbel g W) Alo] ofoi
o, 2YAS Fol AER Al A Bk A EQRIYEIE 1
SSiEh. AL B W] SEE4E 5o 4 Qgslo] 7lojstel £oe] RS
22 ARRFORA At WA 7ol

@ ZEH|0F 230 Mocoa) AALERT)

O e
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Indicators i Risk Index
{output)

Training
The model trains on past indicators from
normal operations and accidents.
Relevant experts may assist the training
phase.

Risk assessment
The instantaneous
; plant state is provided

b| to the model through
| indicators and
analysed by each layer
to assess the related
risk.

(23 2-2] 2143 24 9ist Haid MG HIE
EX : Paltrinieri et al.. 2019. Learning about risk: Machine learning for risk assessment. Safety
Science. v.118. p.480
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Buin Zahra disaster  1990s International Global Assessment Reports (GARs) on DRR
Iran (1962) Decade for Natural 2009; 2011; 2013; 2015; 2017; 2019; 2022
Disaster Reduction
Focus on (1987-1989)
intemﬂficn.al UNISDR UNISDR UNDRR
humunltar:un Yokohama Hyogo Framework Sendai Framework
assistance for Action
maasures strategy (2018)
(1994) (2005)
UNDRO (1971) Rio Earth Summit
(1992) Sustainability
1960s-1980s 1990s 2000s 2010s-2020s
unaware of disaster Awareness but Integration as "adding”  Integration as “doing differently”
risk creation (DRC) working in sitos » Urban planning
Aware of DRC but still » Social inequality / poverty
. reduction
(reactive) (reactive) rective

» SDG integration in general
» DRR: prevention and resilience
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vance lts Study and Assessment. International Journal of Disaster Risk Science.
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Dimensions of Integrated
Disaster Risk Management

Civil society  Response
Academia Recovery

revention i
Public Preparedness =] Sustainable

development
Transformation P

(SDGs)

International

Climate Change

|

‘;J,./‘

1 f C
} L ’\L | (Paris Agreement)

.

| |

- I(/,,/

National

Regional Urbanization
(New Urban

Agenda)

Synergies
Local (e.g., “risk-informed

sustainable development”)

Sectoral dimension

Temporal dimension
RM pha Uniits of r

ms, stakeholders, others
within and across sectors
e.g., Private, Public, Academia, Tourism, Critical infrastructure, etc

Spana imension
scales/levels
H\ ierarchies
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Operational risks
Occupational risk
MICRO LEVEL Int. Financial Risks
Business Risks Marketing Risks
Strategic Risks
Reputational Risks
Ext. Financial Risks
Economic Risks

MESO LEVEL
Competitive
Risks

Social Risks
Technological Risks
Supply Chain Risks

Cyber Risks
Geopolitical Risks
Compliance Risks
Macroeconomic Risk
Social Instability Risk
Environmental Risks
Pandemic Risks

MACRO LEVEL
Systemic Risks
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TEF Ak
[ 2-3] 252 510 2 &4 2123 9F
SHf 2jlAT U2 Sy 2|AT =2

_ 23,2765 8,357%

B4 2lAT G2

srERAR (72.56%) (26.05%)

_ 3985 48

g4 223 58

srEAaE (1.24%) (0.15%)
E5 1 ZYZ 9|, 2023, EIH(O|E] 7|4t HES 51X L 4 2AT 2A DY JHL KT p 103
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O 223 78 % Ho|
H ool R EX AlAo|ut AlSto] uhet shg ) 17 QI8 03] e A
202 BrHe S Qe 2123 RS AR Foltk. o] B 7%Eo] 9
2|5} 2| Hof| A ARAFER 7} e 715 3t 12 Qle) ASEo] Q = 27
A me)S EAlehs g, ARFE|E Q1 A4t ma, Q1Y &4 9l AFS]A] oJg)
< Hasjal7] gt ol L i) g vlEiske o BXo) ik, a3 wule
bt 2 74 84S BRI

© 91 B(Hazard): AW R 7RSS B 91l A1, A4,
B B4, A4 A 52 i

+ FoP4(Vulnerability): A%2o0] AbAleo] dnh HoRAS ek
L AR A%EY F2H B4, A8 AR % 9K 5 X

[©)

* LZE%(Exposure): AR A Al P TS 5 Q= ASFE, A

et 52 ofmfgitt,

ZAFRisk): A 84, FHY, LE2EE THH R JEsio] A&

et A wsfe] g WERdT

ol 84S FUHOR BATORM, & A9 2T B AEA
o

ALK 919 S2g W

0O mMilzd 2

AbAHE 2] AF o] mAl 2y 7S 283t ARl sl @]ofl A thedstA A
7213 Qe wiAleld BEL o HolE g vhko 2 Welg skl of
& 22 Jdshs d ARE 7L vk 78 EEE= ANN (Artificial
Neural Network), CTA (Classification Tree Analysis), FDA (Flexible
Discriminant Analysis), GAM (Generalized Additive Model), GBM
(Generalized Boosted Regression Model), GLM (Generalized Linear
Model), MARS (Multiple Adaptive Regression Splines), Maxent (Maximum
Entropy Model), SRE (Species Range Envelope), XGBoost 5°] AT}



GLM¥ GAME AR HTH 2, A g A 273 ¥} Ababe] 71+9] AiatA|
£ E4oto] WS I8t Mazandaran A|ojlA =8E Ao
GLM¥t GAMZ R4t ofd] RdlS H|wsto] LA RizAde

74
(Goetz et al. 2015). GBMI} XGBoost= &2 d& A& A== 1Al
3 o[t} £3], XGBoosti= W 7H] 522 Gt 0 5 g slo]
Hoju AsS A3I5k3TE dtof k2 W, XGBoost= TR RAE9] H]3| =
2 AUC k= Y, AR 917Hd B71of] uff-¢- R-8-5F3itiMerghadi et al.
2020).

FDAL: A S L0, et fo]e] A48 7o 2 AWKy w7

Regoie o) ATH0IT, A7 A5, DAL GLVT §AE 452 B0
L} GBM ¥ XGBoostO] H|sjlA= tha @2 53 EtHKalantar er al
2020). MARS= HIAY BAIE A0 & Rdsl= A4 HY =, AF X &
7 2] B S MR U] 8519t o] mEe 4] Bal ol
Mol A 2 A& AL E HoJFITHChen er al. 2018). Maxent= [ A E
R o|EZ7ReE st RdR, 2 3P Hlo|H e} HAH S &85
AR DAY 75/ IS o] 2 AR RIZHd Bl A= ARGE
™, ¥ A% 45 HolFAtHPham et al 2016).

ANN2 12 dloJE{Alof A iEl-S %V];‘a} A&t FHS 7T e
o, 2 82Q1 A4 o] vlof o 2 A& HE =g HolFtHNguyen
etal. 2019). &Y REO| AREH T} of 2 E%‘% Bgote A& B E A

7= Fo] AL oS E01, FDA, GLM, GBM, XGBoost 5-& 233t %
AHE 2d2 il reldc) =2 ol 452 Vet Kalantar er a/. 2020).

tlopst MAlEY 9 B4 mElS $h851 AAFE] TIZH Wl Afs) o J—r)ra]
o Qo] FaF SR AT Ik, YA B} Po] 2} B ZHS
B SR S ASEE 2 B, ol Al At ol



[EE 3-1] 2AFE RIZHY TotOfl AL E 2

R 28

Generalized Linear Model Statistical Model
Generalized Additive Model Statistical Model
Rectilinear Envelope Similar to BIOCLIM Statistical Model
Flexible Discriminant Analysis Statistical Model
Multiple Adaptive Regression Splines Statistical Model
Maximum Entropy Model Statistical Model
Generalized Boosted Regression Mode Machine Learning Model
Artificial Neural Network Machine Learning Model
Classification Tree Analysis Machine Learning Model
XGBoost eXtreme Gradient

Boosting Training

PP RPL TR BYE0] S BRI AT gl Blad BAS
I3t = 2P A2 allS et g2 el itk AE HE2
of2] 7119] 7 By Agdolo] ZF B Tl Bk, o Akl A=t
% 9l &S AFRITE £, Tkt mao] 45 Bk o A85ie] T
o] AR EAIE etstaL, Hlole o] MEAdolut oo sl % -
SHA -8 4= AT ESE, TRt Y EES 26| dheol] Bt 2laA
RIEL TR BA 4 9lo], Bl ol5e] HEHS ol B0 oS
o BeH4E Bl AIE UHAT, ol2itt ol R YL RYL 28, B
W, B 5 Tt BolollA] YA B4 £72 Ue) 286w gt
Model-1
>
Voting y T i
» Model-2 ———> (Combine Individual —» Final Prediction |
Train data Model Prediction) i 4
Dataset
> Model-N
Test data

(22 3-2] ¥4 el X JHg

EX : Hossain et al.. 2022. Explainable Artificial Intelligence to Improve Human Decision
Support in Heart Disease. A Thesis Submitted in partial fulfillment of the requireme
nts of the degree of Bachelor of Science in Computer Science and Engineering. p.30
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A3l ool A Hok Hel(Run-out model)Z A At 215 A= Qg

E49] o5 4 M AHEE &5 flof| AR o]2fet HE A5 LAY

Al 918 847} ot 7HA] SHFEEAIE A& sto] i AlglE S~Hotal wsiE 2

205h= H] Fa% H-S Stk Aok Bl AL, S o] F, EAR 5

CHaRt Afsf AellA 289 4= 1o, o] Ei sl TElet ool Sa%t
71% AmE Algeth

Failing

/ mass

A)

Coarse
oY Deposit Hyperconcentrated and

. )
<
“)_/ nuddy stream flow
i
..

deposit (only for lahars)

* I_max >

[ 3-3] LIAIEY 210FR 2M9| 7|2 7HE

P ey by

=X : Devoli et al.. 2008. Statistical Analysis of Landslide Events in Central America and
their Run—out Distance. Geotechnical and Geological Engineering. v.27. p.32

Ex=

[‘_,

ALAFE] Hofo] £ Q #ole el oS} 7t} FLO-2DE A4 589
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ol HAE A=Y A all&stH, AA| AR Bl E w2 YA =5 HojE
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Figure 11 Three-dimensional graph of the
maximum flow depth simulated by FLO-2D:
(a) 24-hour accumulated rainfall: 200 mm;
(b) 24-hour accumulated rainfall: 400 mm;
() 24-hour accumulated rainfall: 600 mm;
(d) 24-hour accumulated rainfall: 8oo mm;
(e) 24-hour accumulated rainfall: 1000 mm.

(e)

[12 3-4] FLO 2DEHS AtESt EMT S5 24 0f|A]

£7X : Peng & Lu. 2013. FLO-2D simulation of mudflow caused by large landslide due to
extremely heavy rainfall in southeastern Taiwan during Typhoon Morakot. Journal o
Mountain Science. v.10. i2. p.216

RAMMS+= EAR, eALE|QL o] Wl2A] o) 5ok A @/4de] R 4
Sk =2, AAMEE w) ol 5ok EARL] 54 As-Z FusHA Attt
Cesca and D’Agostino (2008)2] 9ol A= RAMMS7} thet A1 84 820
Foote] Bt @A AlEdold e AEdled, tAE 1k Bd
(DEM), A1@ AL -5 w7, 7, EY 5% 52 Hlol8E AMgsto
EARY 594 E42 FdsH E431tE DEMS A9 B34S Rhdsi,
5ot w7 A48 2 f5/d= FYste] BEARY 55 S g0l
AlEd|o)dgtet. shA|et 27] 27 479 B =2 A A 8= QIS

AR {57t oha ed 4= Qloh

IL:

H3E - =S AALEH 2|AT 24 B3 M7 59



[123 3-5] RAMMS ZEZ AIESI EME S5 24 0|
ZX : Miko$ & Bezak. 2021. Debris Flow Modelling Using RAMMS Model in the Alpine Envi
ronment With Focus on the Model Parameters and Main Characteristics. Frontiers in

Farth Science. v.8. p.9

D-Claw &2 FA|2F 114 712] 5282 ADsHA §Egsto] EAF 2 &
59 AAHEE AlEdloldske ol 3K Z=+o|th. George and Iverson
(2014)29] Aol =1, D-Clawe= HAE 1% RZ(DEM), 55, 714 54 o
g, 1A 5o vlg, npE 59 Ho[HE ARESle] EARO o5 AR} &£
£ &3t DEM2 A3 24 913t 24 348 35 9 7]A §A4 4=l
EARO| o]F EA 583 TS n|XIct. o] HEll2 A flolEet H| WS
f =2 ol& AL E Kol o, BT Al 842 Isf] AAE-8-8oll= At



| RAMMS || FLO2D || D-Claw |

Computational

1 Domain

B True Positive
False Positive
I False Negative

w IS
o o

o
o

Peak flow depth [m]

o =
o o

f2

[12 3-6] D-Clawat FLO 2D, RAMMS, 2SS H|w

=X : Barnhart etal.. 2021. Multi-Model Comparison of Computed Debris Flow Runoutfor
the 9 January 2018 Montecito, California Post-WildfireEvent. Journal of Geophysica
| Research. Earth Surface. v.126.1.12. p.21

LAHARZ= W= A-ZAHUSGS)OIA Ed AZESolR, o4ty olF
(lahar) % E4F(debris flow)2F &2 2 HF A< o5 oot &=
Zohe ol ARgET o] X2 OAE Ik HH(DEM), A, Ik, HAR 5}
A ol F AR HIolE 59 HEE 7IREe g, S ol Rt EARO 55 B
£ ZAs1L 2E w8l MAE Lo oSt DEM2 2139 At 24
< 7Fs oM s, A=t At HloJE = 0|79 o5 Bt £ E A5tk

M3y - =2 LAH 2|23 24 28 &4 61



2y 72 AR 8% 72 2% o ZQ3t H|0|
Floop | 2XEOINSl B 55 FMUEMEME ST SS SIS N DEM, YR HOIE,
U ENS ik 25t ol 3 Y, EY £Y
O =5K]
HIZ zi2f 0|= ER5HAE U HIE & | =2 oA QT ALSIO DEM, R&sPH O
RAMMS —Ze e ISl R L i R X FAL
(BEMZ, A S) 0|30l iR Het | = Ml £E0F 8 of
EAd s
S _ o _ DEM, x| 20] H|E,
D-Caw | IR 4E%8E DA-9N 4eNss smgmsey S0 oo o
= = = = T ==, =
ne{ot EMF AHst Lot A=01M o+ 2 o4 EorE
B} ) _ CiE BYS0| Hlsf & )
S 012(2F512) al Es5lo [ = ozt 3 7
LAHARZ SHHY 0|17 (E6HE) ¥ Gl;s;o n::;—E =) = oslo| MEARLO] DEM, R, X, &
EMB et AY A= MY o At oA ARA
Eal=}

LAHARZ= AHAH] R EAIF wjsf 9] oS AtollA g &85 it
Bessette-Kirtona er al. (20192 v|= Z2] Lo} EH A EojA| HAISH E4]
FE WO E LAHARZ B3 AREsto] Ao} B4 B718lH Wit
(2017)= BRI Yo A 7o offgefj x| o} Aggit A HoflA EAR 918 oS
stod, A As 91 ol F-&3t HlolElE A5 3t 3, Youberg er al
(2014)2 ol 2U=: Al 7HE Ry Abof| A o] EA R Ea BAI5HL, 715
Holof| thE 919432 B7HA 0|90l = Witt er a/ (2012)= A7 E= Y
= uf7] oA ARt EARE O R LAHARZE 2-8&5to] H[A T8 Al
U & +H3 o, Magirl et al. (2010)= f&] R 'FaF A FoflA HEH
HdS 55 EAF] "ok AP E S Dorta et al. (2007) o|& o}
A2 ol A BRAISE A E EAFE LAHARZZ Rd5t0] 97 A goA=
1 8-88= A4S

LAHARZ: B3] o]5 w9lot SFL vhaA] |28 5 U A5 453
o}, 53] 8HbY ol Fut EARS 2o WA ofF ARE A4S
9lom, GIS 7]91e] ABdlo|d ZukE Alzstste] AEael Hajo] Zhs sl
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o4 S5 8T % ek
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In recent years, large—scale disasters such as the fire at Coupang’s distribution
center in Icheon, the flooding at Gangnam Station, and the landslide in Yecheon
have occurred frequently, raising concerns about public safety. Disasters that
occur in buildings and urban spaces are closely related to people’s daily lives,
which increases anxiety. In the case of buildings, the cost of damage is high, and
physical injuries and deaths of building occupants may occur. Therefore, it is
necessary to analyze the risk of disasters and catastrophes in buildings and

prepare measures to ensure safety.

Landslides are particularly common during extreme rainfall events, causing
physical damage to the building itself, as well as property damage and loss of life
in the exterior of the building. In particular, landslides such as the one that
occurred in Yecheon in July 2023 have caused large—scale loss of life and
property damage to buildings and residents near forests, raising public concern
about landslides. In response, various measures have been proposed in laws and
institutions, and overseas countries are also seeking ways to minimize damage in

various ways.

The characteristics and location of buildings have an important impact on the
likelihood of disasters and the extent of damage. For example, buildings with
large floor areas are relatively more likely to be affected by fires, low—lying
buildings are more likely to be affected by floods, and the extent of damage is
likely to increase if there is a basement. By using the disaster damage
characteristics of buildings, it will be possible to identify buildings with high
disaster risk and prioritize their inspection and management to ensure effective

building safety.

Disaster risk at the building level is determined by a variety of factors, making it
difficult to accurately predict or estimate. Recently, advanced technologies such
as IoT, machine learning, deep learning, and big data have made it possible to
analyze the disaster risk of buildings and urban spaces with greater accuracy
than previous studies. By processing large amounts of data, it is possible to
analyze the complex characteristics of buildings in an integrated manner and
build risk analysis models for different types of disasters. Based on the disaster
risk analysis of buildings, it is possible to prepare measures to ensure the safety of
buildings.



This study aims to derive a method for analyzing various disaster risks that can
damage buildings, and to establish a method for linking disaster risks. This study
is the third year of a three—year research project, and the first and second years
of the study focused on fire and flood risks in buildings. In the third year, we will
develop an analysis method for building landslide risk as an additional disaster
element, and develop and apply a method for linking multiple disaster risks.

Building landslide

Building fire risk Building flood risk
risk analysis model

analysis model analysis model

‘ Model Integration

Model Development

Verification of Building
Administrative
Year 1 Information
Risk Analysis at the
Building Unit Level

Improvement of Model

Accuracy Integration of Results
Year 2 Model Development at the Building Unit
Introduction of Risk Level
Concepts
Risk Integration and
Yeat 3 Utilization of Existing Utilization of Existing Model Development Result Interpretation

Models Models Based on Multi-

Dimensional Matrix

This study is divided into four phases. First, the development of a building risk
analysis model. The existing models are reviewed and the development
framework of the model to be developed in this study is presented. Second, the
development of a building landslide risk analysis model. This study aims to
develop a method for analyzing the risk of building landslides, a type of hazard
that was not included in the first and second studies. Third, the developed model
will be used to analyze the risk of building landslides. In doing so, we aim to
establish building risk data in the landslide sector for linking building disaster
risk. Finally, we aim to link building landslide, flood and fire risks at the building
level. In this way, we will verify the effectiveness of the building disaster linkage
model and suggest policy improvements to enhance the disaster safety of
buildings by synthesizing the implications derived from the entire research

process.



Derivation of Model Design of Landslide Risk Landslide Risk Analysis for Integration of Disaster Risks
Development Direction Analysis Model for Buildings Buildings for Buildings
) Definition of . ' )
Data Collaction and Development Model Structure Datermination of Risk Analysis Result Validation Development of Risk Integration Method
Review ol Design Input Data Execution

Concept of Landslide Risk Analysis Model for Buildings

2. Development Direction of Disaster Risk Analysis
Models for Buildings

The building risk analysis model developed in this study aims to fulfill three
criteria. First, it should be able to respond to a variety of disaster types and be
able to freely add or remove disaster types. Second, it should be able to represent
disaster risk at the building level. Third, the results should be easy to understand
so that countermeasures can be developed based on building disaster risk. To this
end, a building disaster risk analysis model will be developed to analyze the risk
of buildings for individual disaster types and to link the disaster risks analyzed at
the building level.

Building Disaster Risk Analysis Model

‘ Selection of ‘ | Analysis of Building Disaster Risks ‘

Disaster Types by Type

Integration of Building-Level Risks ‘

Building 1, Disaster Type A Risk Disaster Type A Risk

Building 2, Disaster Type A Risk

Disaster Type B Risk

DisasterType A | | uilding 3, Disaster Type A Risk | | BU1n8 T e C Risk

Building 1, Disaster Type B Risk Disaster Type A Risk

Building 2, Disaster Type B Risk Disaster Type B Risk

DisasterType B Building 3, Disaster Type B Risk i [e————

Building 1, Disaster Type C Risk Disaster Type A Risk

Building 2, Disaster Type C Risk Disaster Type B Risk

Building 3, Disaster Type C Risk | | BU10ne 3 Risk

Disaster Type C

Adding Various Disaster Types to Enhance the Building Disaster Risk Analysis Model

Concept of Developing Disaster Risk Analysis Models for Buildings
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The analytical process of a building disaster risk analysis model can be divided
into three steps. First, the type of disaster to be considered is selected. However,
since the building disaster risk analysis model in this study aims to link the risks
of building units, it is necessary to select the types of disasters that can cause
damage to buildings. Second, the disaster risk of each building is derived by
disaster type. For this purpose, it is necessary to develop a risk analysis method
for each type of disaster, and this study aims to develop a building landslide risk
analysis method following the building fire and flood risk analysis method in
previous studies. Third, it is the step of linking disaster risks to building units. In
order to link different disaster risks in the same building unit, this study applies
the multidimensional matrix technique.

Multidimensional matrix is a tool that can organize and analyze data from
multiple dimensions simultaneously, and is effective in systematically identifying
interactions among risks and formulating comprehensive response strategies. It
enables prioritization, scenario analysis, and the systematic management of
complex data, taking into account the correlation between risks. However, the
complexity and data requirements of a multidimensional matrix increase
dramatically as the number of dimensions increases. Lack of sufficient data or
difficulty in quantifying risks can reduce the reliability of the analysis, and the
cost and time required to build and maintain them can be prohibitive for small

organizations.

In this study, a multidimensional matrix is used to comprehensively analyze the
fire, flood, and landslide risks of buildings at the building level. The risk level for
each type of hazard can be determined for each building and the combined risk
level for all three hazards can be analyzed. This allows you to assess a building’s
exposure to a combination of hazard types and develop strategies for specific

situations.



Fire risk
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Landslide risk
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Flood risk

Concept of Multi-Dimensional Matrix-Based Integrated Disaster Risk

3. Developing Landslide Risk Analysis Models for
Buildings

The Building Landslide Risk Analysis Model consists of a three—step process: 1)
identification of landslide—prone areas, 2) identification of landslide—prone
areas, and 3) identification of buildings at risk of landslide damage.

Susceptible Area Analysis Damage Area Estimation e OLE{IZ?:::d SR

{andsid Potential Landslide

Landslide Damage Building Spatial

Soil Characteristics

Occurrence Points Variables Occurrence Points Area Information
Machine Learning Models Runout Model Intermediate Analysis
(e.g., RF, Maxent, ANN, GBM) (LAHARZ)
. . . Damage Scope Due to Predicted Damaged Buildings
LendSlido'Sascoptible/ares/Analisis Landslide Debris Flow from Landslide

Concept of Landslide Risk Analysis Model for Buildings

To identify landslide-prone areas, historical landslide occurrence data and
environmental variables related to topography, soil, vegetation, and climate that
affect landslide occurrence were used. To increase the reliability of the data used
as the dependent variable, Pearson’s correlation coefficient was used to exclude
variables with high correlation. Machine learning based ensemble models such
as ANN, XGBoost and GLM were used as models to analyze landslide prone
areas. The AUC value for the accuracy analysis of the final model was 0.934,
indicating that the model is highly accurate.
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To derive the landslide hazard area, different runout models were considered and
finally LAHARZ was used. LAHARZ is a software developed by the United
States Geological Survey (USGS) for debris flow analysis and is widely used for
landslide extent analysis. For the analysis, the possible landslide points were
extracted from the results of the landslide—prone area, and information such as
weather conditions, topography, geology, soil, and vegetation were used to

analyze the extent of damage caused by debris flows in the event of a landslide.

Finally, we extracted the buildings that were within the damage area of the debris
flows. For this purpose, the information from the building register was geocoded
and converted into spatial data. The geocoding was performed using the
geocoding tool of BIZ-GIS, and the analysis was performed on 596,244
buildings in Seoul.

Seoul was selected as the target city for the analysis of building
landslide—flood—fire risk nexus. The flood and fire risks of buildings in Seoul
were derived from the results of the second year of the study, and the landslide
risk of buildings was analyzed in this study. The percentage of landslide
occurrence points in the landslide—prone areas identified by the model analysis is

88.4%, which shows a relatively high accuracy.

To derive the landslide risk for each building, a landslide damage area analysis
was conducted for Gwanak-gu, Seoul. The landslide—prone areas were
extracted from areas where the landslide sensitivity analysis showed a sensitivity
of more than 80%. A total of 19 possible landslide sites were identified in
Gwanak—gu, and the LAHARZ model was run on these sites.



Analysis Results of Landslide Example of LAHARZ Model Simulation
Susceptibility in Seoul Results

Analysis Results of Landslide Susceptibility and Damage Scope

After deriving the landslide damage area, an overlap analysis was performed
with the building spatial information. In 10 of the 19 possible landslide sites,
buildings were located within the damage area in the event of a landslide, but in
the remaining 9 sites, no buildings were found to be damaged even if a landslide
occurred. As a result, a total of 67 buildings in Gwanak—gu, Seoul are likely to be

damaged in the event of a landslide.

Finally, we linked the building fire, flood, and landslide risks for Gwanak—gu,
Seoul. By linking the three risks through a multidimensional matrix, the risk of
buildings is classified into eight categories: “very risky”, “risky”, “somewhat
risky”, and “safe”, according to the number of high-risk disaster types. Of the
32,079 buildings in Gwanak—gu, 48 buildings (0.15 percent) are at high risk of
fire and flood, mainly located along rivers and boulevards. On the other hand, 47
buildings (0.15 percent) are at high risk of fire and landslide, mainly located in

forested areas.

There were no buildings at high risk of both flood and landslide, and therefore
no buildings at high risk of all three hazard types. A total of 95 buildings (0.3
percent) were at risk of two or more types of hazards, which is consistent with
the sum of the number of buildings at risk of fire and flood, and fire and
landslide. Based on the risk characteristics of each type of building disaster and
the regional distribution of high—risk buildings, it will be possible to establish
inspection areas, set inspection items, and prepare countermeasures to ensure the

safety of buildings.
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5. Conclusions

This study aims to identify various disaster risks of buildings in advance by
linking them and deriving basic data to propose efficient management measures
based on them. In connection with the existing first and second year studies, we
have analyzed the landslide, flood, and fire risks of buildings by developing a
method for analyzing the landslide risk of buildings and introducing a
multidimensional matrix technique that can link various risks. The results of the
study show that the disaster risk of buildings can be predicted with high
accuracy. The study also provides three policy implications.

First, it is necessary to strengthen data linkage at the building level. Various data
have been used to analyze the disaster risk of buildings, but the data are currently
managed inefficiently in individual systems. By integrating and distributing
disaster—related information such as fire, flood, and landslide into a building life
history system, data linkage should be improved and a system should be
established to facilitate safety management activities such as statistical analysis of
disaster safety, alerting, and emergency inspections.

SUMMARY 127



Second, a building-level disaster risk identification system is needed. Currently,
services that provide building—level disaster safety information are limited, and it
is difficult for people to check whether their buildings are safe from disasters. By
establishing a building—level disaster risk identification service using a building
life history management system, residents and users can easily determine whether
their buildings are safe and take countermeasures. This will help ensure disaster

safety and increase the efficiency of building management.

Third, it is necessary to establish an integrated building safety platform.
Currently, disaster information such as fire, flood, and landslide is managed by
different organizations and is not integrated at the building level, which reduces
efficiency. It is necessary to build an integrated platform where building
occupants and users can check various disaster information such as heat wave,
typhoon, etc. at a glance, in addition to fire, flood, and landslide. To do this, it is
necessary to link data between different organizations and build additional
disaster risk data that is missing.

Big Data, Building Fire Risk, Building Flood Risk, Building Landslide Risk,
Machine Learning
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