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Holxw shtel TRANE Tt UAFE A9 F£ ARE 4G Pel Yol

A7 A= shue] 2 A 93, Ui A9 4 AH A (flood conditioning factor)ol s@ = ¢l
Ol Z o]g&3sle] WY AE 7w male|d (parallel ensemble-based machine learning) &ig]|&S Zaf A
7] A ® 9] FSM(flood susceptibility map)S AAdstE ©@hA

2 ¥§sle T4 Udx v Uy
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A% 7Y 2L (orbital file application), AZE %o]= 7FA(low-intensity noise reduction), & x=o]=
A A (thermal noise removal), AR A B A (radiometric calibration), #A|& XA (terrain correction),

9 F Ab Alet(backscatter coefficient) & Aoj® shbE ARGste] 7] #eoly 94 945 dAAgst=

Zuk Al 3| ~E 1% (backscatter histogram)¥ Al&2FQ (trial and error)E 7|¥ro 2 AAH AAUE 715
o7 A7) Aol $14 Gl T A9S EFste 9
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A7 4 e A= EA 35 (land cover), % (rainfall), L% (altitude), 37FA19 A& (distance),
TWI(topographic wetness index), 74AFH(slope aspect), NDVI(normalized difference vegetation index), #|
A (geology), 7AAF(slope), SPI(stream power index), @ HW =& (plan curvature)S ¥t A

2 Bgom s T4 UgE 97 Py

[ed

A3 7

HAe] Tt TFE oIk A 7he] #AE Ietatr] A3 FR(Frequency ratio), &7l 943d& WA=
iAAS o] BAE Fobsly] f1E dFaAAd B4 (multicollinearity analysis), E W] ¥7+ %3} o
A A (spatial stratified heterogeneity)g 7|% & o|¥lE #2 2 x}(event's triggering factor)ZE }ota}~
g A F A 7] (Geodetector) T Aok shte] WM& o]&3ste] 7] do|HE AA g ste WA

2 ¥3ele T4 W wisg .
AT 8

RF(Random forest) ¢12]=# w7 (Bagging) &iglZe HAsE Ea) A7) FME ZelgstsE o

A7) ey E WA=,
A vetFe 28 2darg]Z(genetic metaheuristic algorithm)S ©]&38te] A7) RF daeg]E3 A7) w7 <
2] &) &lo| ¥ 32} E] (hyperparameter)ol] tdh H2 7S AAsE= A

3 Wy

A7) Aolm she]l R AA ] 93], RMSE(root mean square error), ROC(receiver—operator characteristic)
=X SCAI(seed cell area index), H|®E<4* E|A~E(non-parametric test), % HL# tvlolo]jr (Taylor
diagram) & Aol shvte] ARE o]83t A7) FSNES A5k &

E g X S5 UgE vy

B e = o ©
A7 11
AL A ALY F o= @ Fel T w0 e A7) AFE g 2PN Ae) AR s
7bsgk 715 ujAle] AgE AFE T2,

A7 12

A7) Holm dhte] TRAANE,
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At x99 &4 A ¢1AH(flood conditioning factor)ol] dHFE =
2] (parallel ensemble-based machine learning) <gEHESE Ha A7 oy
1

susceptibility map)S A= A

dolEE olgstel B PgE 7| vjA
[}

e Z|de]  FSM(flood

S EHo= 3 HFH FA.
278 13

Al127el glo1A,

A7) Holm e TaAME,

A7 A A9l doly YA 9 (radar satellite imagery)< ©|-83F &4 X (flood detection)S E3f

4= oWlE?] W(flood inventory map)S FAst= A

A128ke] 9loiA,

371 Aol shupe] EAME,

RF(Random forest) <Fii@|Z¥} ®l7 (Bagging) <ialZel HAs2 Ea 4] FMS madzsis A
S 540z st FHIFE A

7% 15

A 143l glolA

A7 Aolm e TRAAME

A vEetFe 2 darg]Z(genetic metaheuristic algorithm)S ©]&38to] A7) RF dae]ES3 A7) w7 <o
&9 slol¥ F2}v) e (hyperparameter)ol]l thak H & 7S XAA3= A

EAdo® g HFE A
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A F4 a7 1 FHstl B $AE FUAsl EA8 gom, oldw ekt sk ge 1Y % T
W AgEel B4 wet u% EEadn ok Wd A AAFoZ 19 7AW Po| Fao| Agem
gom, A A BA A 60sE Eushn Ark. RAAE EAlE, APAA, ATEIE, S
G Qlzhe] HER Y FoR AT $7 ofm oleld AiEel Frksta vk,

= Al FHeksltk, F5= olgfae] AW At JE & ¥l HE
1ot A2 olgpAol e 23 e ThEo] HiHom Agate] 5413 & S (flash flood) 7}
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/KEI
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B3 ¢ YA oA o AR Mon F AL FFE A 1§
[e]

-0,
ofl
R
olr

(data analytic), (artificial intelligence),

A YA A (satellite image), TlolH = 2l
e Fske] I3 2 AE e NS SE 5 AR

GIS(geographic information science) % 7]Ef

et AS AT7F ol FoH AL vt

) F{E

g J§
ddstef= A

dold 94 FE= ol&stel Ag A9e ol T4 JIMEY W(inventory map)e 2L 4 Ut

T G FE o8 WE e VI vy dagse] HHsE Fal Pl AT 5 v

749 E 55
Hol& she] ZRAAE XT3 AFE FA Y TF UHE v WRe] glolA, Y] Holx 5}‘49] 8
ARl s, A x9ge] T4 A8 1A (flood conditioning factor)el s@¥EE HolEE o]&3dle] ¥y o
A8 74 wAl# Y (parallel ensemble-based machine learning) &aEl&S E3) A7) i K99 FSM(f ood
susceptibility map) S AAsE GAS Este T4 UzT o 9ES AT

d Sdo maw, A7) AAdstE WAl=, 47 dd X9 ey 94 9’4 (radar satellite imagery)S ©]
23 &4 X (flood detection)E Ea T4 <IWIE=] W(flood inventory map)S ZFAstE 9AIS 233
T St
o2 Sddd w2, A7) FAdstE daAE, 25 A doly 94 94 25§ doly 91 94S vusty
245 G5 dAE £E8E 5 9
T oE S w2y, Ay A dAE, AE 39 A& (orbital file application), AFE o= 7+
2 (

1

low-intensity noise reduction), &€ 4x9°]Z AA(thermal noise removal), A A B A (radiometric
ibration), #A3¥ K. (terrain correction), % W 2Fe+ Al4=(backscatter coefficient) & A= 3}t
ALl A7) doly 914 AAS AAHE s dAE £E8E 4 .

o

a

it

T U2 =dd ozd, A X—}qé}_ A=, & A S| A~E 1% (backscatter histogram)d A Q.
(trial and error)& 7|¥to 2 AAgE AAGS 7IFo2 A7 doly 94 JHoA 24 X9S EFste ©

1
Ag 298 5 Ak,

T o2 Fde 2w, A7) T4 HEH QA= EX HE(land cover), A$-F(rainfall), I%E(altitude),

A7HA1e]  Ag](distance), TWI(topographic wetness index), “dAFH(slope aspect), NDVI(normalized
difference vegetation index), A& (geology), “dAF(slope), SPI(stream power index), Z W =HE(plan

curvature)S ¥33 = Q).

£ e Swel mh=w, 37 A4S BAE, A st £4E oISt Q4 ke #AE sere]

= z k7] 9
g FR(Frequency ratio), &5 @IS WA= wzpds ko] dAE defslr] A goedd 24
(multicollinearity analysis), ¥ W9 ¥t F38} o]&dA(spatial stratified heterogeneity)s 7]%=
oJHlE - QUAk(event's triggering factor)E otel7] $18k A 2lEA] 7] (Geodetector) & Aol sfrte]

o
=

HE o]&3te] 7] vlolEHE AAYE dAE 2T 5 3
e =9 gaw, A AAEE WA=, RF(Random forest) &iiz]Z3 w7 (Bagging) 4zl HA
35 Bal A7) FOME RAESE 9AE 23S 5 Q).

T gE =2ddg w2y, Ay 2dags) A WErge~e g3 Z(genetic metaheuristic
algorithm)-& o]&3ste] 7] RF €xel53 47| w7 daelFel sho]s gl n| B (hyperparameter)ol] tfdh 24
#E AAgsks dAE g 5 9o

T ooE SHd mEw, Y] S wgtE v e, A7) Aol kel A el ofsl], RMSE(root mean
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HWR2Z(110)E HFEHAA 5 7153t 7|Z A 24, RAM(random access memory), ROM(read only memory) %
U3 sefolHel Zhe HAHA d&% 7]%% | (permanent mass storage device)& X3e & Qlvk. o47]A
ROM} Tl =efolHob 22 wjadA o&3 71543 vixe](110)sh= 75 URe] g7 A4 A=
A AFFE A (100)e 23R = A 55?1]' 5] (110)ell= A} Hol= shte] Tzas A=7}
AdE 4 do. ol AT ES0] FAEeAES ve(110)9h= Bl AFHAA #E 7hed ZSvA R
FH v (11002 299 5 Aok, olgfg o] AFHAA d= 7?“5—5& 7S5 A S22 =delB, Hx
=, ®lo]3, DVD/CD-ROM =e}e]lH UﬂEE] 7te 59 HFHAA B 7bed 71E5AE 23 5 Qo e
AAlefell A AT ESo] A LA *‘ég 3T I T 715 A7E obd Sl QIEFo] 2~ (130) 5 Sal v

mmr

22 (110)o] 29E % gl A5 Eo], £2ZE $1o1 TALAES YEYIA(160)S B3 FAHE dEd
oa) AAE = A5FE Zzae] Z|ekstel A5FE A (100) 9] MRl (110)e] =299 4 3l

TZAM (1200 7182 e, 27 2 &Y AAe Stz HAFEH T2 WHS AHZIEE
TAE F oA H3Ee WY (110) B FA ClE o] 2 (130)d] o8] ZZAA(120) 2 xﬂ%%‘ T Y. odE
5o, T2 AA(120)+= WE22Z](110)9F 22 7|5 AXd AFE 2203 3o we FAEE HHS A9s)

=2 749 5 o

I #H 0]~ (130) = WIEAA(160)E Fall ZHFE dx(100)7F o FxeF A= FAlstr] 93 7lss
N= O‘eﬂi AFE A(100) 9] Z2AA(120)7F W2 (110)9F 22 7|5 FX]ol] A¥H =21
o Aol W, deolg, A ol FA QIEH o] ~(130)] Alole] wep UE

AAEZ Agd F Aok, Jdez g2 FXNZRE sy 9y, doly, #d T
A FAFE ZA(100)9] S AEF o] ~(130)E E3 AFE XW(IOO)E IR
1 528 A5y 98, oy & T2 A (12004 WEg(110)2 dg"E 5 9
< ZAFFE ZAA(100)7F ¥ 233 5 dE A wiA (e A A G2 AGE 5 3

7‘14>

2 AL AgtEA] o, WELA(160)7F 2T F v SAH(LHAR, oA, §4 JEY, 4
A, HF% 5)S &3t T4 WARER ol YVE o] SAE FA/FA

tt. oE S, UEYA(160)+=, PAN(personal area network), LAN(local area network), CAN(campus area
network), MAN(metropolitan area network), WAN(wide area network), BBN(broadband network), <IE]¥l So
UIES T & ahvt o]de] oo vENTE 238 & vk, =3, UEYA(160)= W2 HEY]T, 2B U

=
, Ef] == A=A (hierarchical) WEYA & x3

A3, H YEHZ, W UMEYZ, 2e-8= HEYa

st VENT BEZ2A & 499 sty oS 23 5 dor), old AgEA] &=

A=Y AHH A (140) = d=8 FA(150)942] SlEFHo)2~E 23 Y & v, & Bof, I8 A=
wlo] =, 7I1RE ) JhE EE w92 o AAE, a3 £8 FAE ga2Ido], 29AY T2 FAE XF
st Y. UE dZ JEY QEHIH O 2(140)= EHA 2™ Zo] JHY FHS 9% 7]Eo] sz 53
A ote] QEH |25 98 Futd F= vt YEH FA(150)= HIFE FA(100)9 shube] A= A€
TE

s = v, a8y, diie] FUried FAHLLES Hax
FA(100)E Fedt dE8 FX(150) T ol dFE ¥3ses FEHIAY = EWAH(transceiver)
Fheler, ZHE A, dlolEHlo]l A T3t e vgE FALAES ¥ £33 = .

ﬁ
%
v}

=

4 AN dE AYsy

oE 71e A4 EAMCDA), Ea% 7]vk 2 (physically based model), =74 ¥ (statistical method), =L
2l wA1#d W (machine learning method)S FSMS wh=x= o) 7} wWo] AL&4¥ &= 47FA] Ao},

AHP(analytical hierarchy process), ANP(analytic network process), TOPSIS(technique for order
preference by  similarity to  ideal solution),  WLC(weighted linear  combination), 2
VIKOR(VlseKriterijumska Optimizacija I Kompromisno Resenje)®} Z-& MCDA Wio] FSME FA 3= d A&

Ai7te] dds 7o s g

flo

glA 7k o] Fgr mElRel] ARSETIE s, EElF 71 e oA
7
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o= FA(bivariate statistical) % HAlHYd W 22 do]y 7|¥k(data-driven)S AFEgHCE.
FR(frequency ratio), CF(certainty factor), WOE(weight of evidence), % EBF(evidential belief functio
n) FNE Tt== g AREEHE B2 Weltt. 4+ dutdog d3 Fx27) oy, A7isk B Wy |
F7F AFolekes 7S ke R g,

Haled 2 B2 ol wiEel AAAHE dSst= ul A Wtk o7l Ed=et dEs w2 4
A zta, e Aede Awsteiy, tad 2 dg §9 delHE AA¥ 4 Se e¥el xIEd.

ANN(artificial neural network), ANFIS(adaptive neuro-fuzzy inference system), SVM(support vector
machine), SVR(support vector regression), DT(decision tree), LR(logistic regression) 59 %AE <
YEE 8ol T IPE WS AT 5 Avh. FEAER FHA(bootstrap aggregating) (Bagging), §2=8
(boosting), Z=ElZ](stacking), RF(random forest)?] 445 LdugFL REH HILE Fola od Hild
93 dugEe dAE S5V Hd FSME W8k o AFEE 7 3l

=

e

o2
2,
e of

3 g Ay dloly f3el BT x3E A4S 2de o] dAasy] wFd Zgol #Hoh 74 AA
(configuration setting)S WAZA (fine-tuning) 3t AxlE oPAHE due)Ee] F2 diolt). wEeFe2E
g2 F (Metaheuristic algorithm)2 WA L1 EFS HAsst= G342 WHolth, kst 4 wdg

= 8
AFNAE ek Fe28 dneZs) Haede 2gstel Agetn gt

W71 Fe] BEEE FME WEE b DA 7R dlolE F oshfolrh. tii
g dlolge] FAA Aol @ AR B ol@ HolHE It ¥

&, ool
g
Ty Heoro i

o A]7ko] Wol Agr] wlio] ¥ZF ©A o]u|X|(remote-sensing image)E A}-E3}e] IEE A3
AR HeAd e BUEFsn Frkeks o Qo] 94 w4 onAe dd o 2549 =77t Ha
gtk BYAoE P + gt AGNNE F2E 97 BA /%S F5 AR B2 dolHE £y 9%

w3 Qs £FHS A F3cl. SAR(synthetic aperture radar) 7]&<
_]

sk QY. T4 vlEE $3 SAR oA FaoAd JdsteE =2 BA St S W olyel oW
7174 dEel e fsd & duE dolth., 4 v AT W2 A9 Ao w FHE V|ET 4 Qlojof
s, ol B3] w2 ouAE &8sty T4 s JuHs B4 u HA AN njgor A& AE ok
sh& ojm gt}

2 Ao A= B E A Y (semi-arid region)?] FFE Az o AEEHA AHS] Y3 v A7l (multi-
temporal) 94l (Sentinel-1) GRD(ground range detected) ©oJR|X|E &3t 4 i}, B dge] Zxo
Sentinel-1 SAR(synthetic aperture radar) A GBS A3l T4 RUEHS sl F 7o ¥HE e
7N Al g3 Fe] HAIJE AFESte] FSMS == Aok, olu, -4 wEelFE]l2~d daig]F(genetic
metaheuristic algorithm)& AREste] F 79 W 48 7w Halgd <385 (Bagging? RF)S #HAslsh
T A Al 23, B AAGES (1) "oy £F Jd9oA T4 EYUHYS 93 Sentinel-1 SAR 914 34
S AFE3HE A, (2) GA(genetic algorithm)oll 23k W& s 7wk walgd daglEe] 435 53 FSM
S REHsE s xgat}

T 2% B iyl dAAd oA T4 W= Hrkeh #AHE #Y TES EAIE Aol

T 28 =xsid, A HA gAlE 5 AWER W3 §5 JE QA (flood condition factor)E X 7
£ AR dolgHol~E AU, SAR IS TFE BFUEHI L T4 dWED WS F=85H7] 98 AL
|9, 7 ®HA gAdAE dele AAIYUE  FIdso. dAAHE  dAldAE TEAE A

(multicollinearity approach)S ARg&3}o] 7] (criterion) 7+e] FAAS ZAAS I3, FR HHS Abgste] <l
o] 7teAE AAHT F A EA 7] (Geodetector) 7} W42l T84 (significance)S AlMFattl, Al HAl Aol A
T 6 gagEe] ¥E GFE 7Nk maleld ¢85 (Bagging 9 RF)E A s}, obE dAdAE FSUE
Aydat7] 91sl Bagging-GA, RF-GA, Bagging, RF 5 Yl 7k Rdlo] ARg¥th, wmix|tom A= SCAI(seed
cell area index), ROC(receiver-operator characteristic) =4, H¥# tho]o]Z: (Taylor diagram), H|XE
B 2~E (non-parametric test)(Friedman®} Wilcoxon <% H]|Z~E), RMSE(root mean square error)®] UAl 71X
o2 AxE AHESte] FrbE.

FAAe AN et 2,
EH/\]— z| g
FOME A7 93 i AdS olgtae] &etolmplolz 3th, & 38 thal 99l Fatolviyole] A4

u
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A% EAG Folth, olgha FErxg oA Lefelnhloks g & Aol oletae] HEE Hio
1215 elvh. Zetolubiok= 1% 35" 04'Sh 36" 30' Abol, A 447 50'3} 46" 16" Abelo] $]Hsk e,
SeolntLiol e % o|ElA] 3422m Atele] mo] $iHahH, o] Ao Huel HERE H ¥ uE

gitt. Zefoluluol AW % 17,023kn S AT}, Lebolnluoke] o2 (6YRE 8¥)& 7 ﬁm

& ’ $ (12982 29)S Hit 7| 7.6° C2, 7]&0] #AA3] ol %
Dz & oF 400mmoll 4] 600mme] ™, 10¥€ol] <F3}A Al FEe] 11
oh. 99} Wglele 71 gEe o] A9 T4 Fa Yllolt),

el el HFE 5 = A NS A5 9% DWE% e Tds] A Ve S Vs
T VIEoR AR, 2 A 1*% A GEE ARt S dMED P AT Ao T
IS O AYL T A5l A2 e Hlaste] gAE AB}. 201930l oj2k=e] Frh A2 A
e R =t olgka el vlelA ®Bargk wiel o] $4o e 20199 1€ 27U 289l
TG, SAR 7IHE F4 EUHF S AdiM e S A& & 2 A)Id F F(EF T D F) ] Za

3L ] p=A

3t} Sentinel-1 @™ 1 GRD A% 20184 12€9] ¥4 d g w33} 20199 2€9 T4 § 5 wjg
F AFg-EYh. Sentinel-1 G4o] A7 A E=E 6Uolt}. o] ¢8] o] 3 Ao+ IW(interferometry-wide)
2¢tE  AlA(swath sensor), VV % VH <%=3}(polarization), 2<% “AZE(ascending path)7} AF&F T},

Sentinel-1& A}-8-3)oq TTE RUE H 8 93 GEE(Google Earth Engine) =9E
(https://earthengine.google.com )= AF&3Ith. & 4% SAR 9G4S E3 T4 744 A4S EAZ Aolth., &
45 Fzxspda, A HA dAdMAME Alx U AL (orbital file application), A% w=o|= ZHA(low-

intensity noise reduction), & X9°|= A7 (thermal noise removal), WAMH =4 HA(radiometric
calibration), A& XA (terrain correction), R F A&t Al (backscatter coefficient)(o” )& Ap&-3}
o gAs AAI. a9 o, doly 94 ¥ (radar image speckle)d FIFES Zo|7] 3 HF LU
(smoothing filter)7} A&HT}. T4 A EAo]lAA 4 & Hao]IE wjx HAT W HX(degree of
change)Z W33l @28 #olof(raster layer)S A3 94 G4 AgodA F 71X 54 FHsE W
W F slyE s|2Ea¥® dAgk(histogram threshold)olth. &4 X 9& VW 2 VH 3ol A Hijel A+ &
A Apololl A v T kg 7S YERY] wiiel Aojw JARE 7 A9s ERsE d AEE 5 .
ouk A 3] 2~E 1% (backscatter histogram) ¥} A8 &2 (trial and error)E 7]¥Fo 2 AAZS 1.26%2 A E
|

Shoh. 1.25 o] EE #el= 1 o] &3Ea, 1.25 uvke] BE Fole 0 gho] g3ddc. &% E5d 99
S AAs7] 918 DEM(digital elevation model) = GSW(global surface water)ZE ¥33F ofe] 7} dlolg A
EVl 4 HY AS(flood extent layer)o] ZHEHth, WA, AAFS 2343 AL 5SS B 5 gl o

Ao 3% gYgo g wigEr] wid 5%5 ZIee BE A4F AAEY. o]E ¢38] SRTM(shuttle radar
topography mission)ol] ¢l&] 34 DEMo] AFgHT tgoz 10719 o] Eo] 1l & ALy vl
A Fdolnz ALett. GSW Hlo|HAE: olelgr A A gs Jdste b AMEE

Aol g7 mEkl A mgk AAHEC. AU AHS T T WA Ug wo|=2E HAE

S ZEAIS Aol

A T B A9 (EY2)S W=E A=(raster map) = WEI 5 7} -ﬂ,f“e‘g % A% (flood point) o2
o mAEe R RUEPE FeAG Rt 160700 FaE mEste] Rl A
Fx). e 229 54 AE(negative sample) 2 55~ %‘% U] A9 e] ERIE Fof| A
Agdc. o oot IFHA @2 Fae 44 19 002 Addn, v g
7t BE B A9 @e] FolAn, I F 70%E T XAERZ, 30%E AT EAEZ AHEETH

Ae] ¢12H(Conditioning factor)

T U= wge A WA dAlE 25 A4 viZlS(flood condition parameter)E AREsle] T3 dlo]EH)

2 (spatial database)E T-F3l= Aolth., Iy 50 IS FIAE 2902 9 Fho B4 e o
23, Fdg A7t o] AHolA mjg- b2 FFS wHTE. Z AA A= A G g A A, TF
may 2 HAE, 9 dolE 7FEAS AH 119 VeSS A"ett. 2 AAlddA ALEE dojHd = EA
& (land cover), Z$=H(rainfall), TE(altitude), 272 A= (distance), TWI(topographic wetness
index), ZdAFH(slope aspect), NDVI(normalized difference vegetation index), XAZ&(geology), 7AA}

_10_
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(slope), SPI(stream power index), W™ =& (plan curvature)
SPI, HW &, 4, AAHLS DENE 7|wte =z FAHCU AF8-%¥ DEM  ASTER(Advanced
Spaceborne Thermal Emission and Reflection Radiometer) ©]W]=]2 HE ALg3le] 2"k, DEM 9 3
A =A2717F 30X30mel GEE ZFollA 2. A9 712 DEMelA FE 5o 30X3me] A= ArcGIS 10.3
2 SAGA GIS 8.2.1 AXESojellA etk W % SPI 7|2 312 1, 314 25 AR&sto] AlLtent,

o Iﬂ%ﬂr. Ag 79 7)1E(IVL, 1=,
o] A

e
T
o

SPI = A_ Xtan ff

o714, AE % WA (catchment area)S VERNE x| 3oli, B ALzt (slope angle)o|th.

Sentinel-2 @7e] #£41& 2020 EAFER=E 2det7] 918 GEE ZHFolA 34
o] AZE ArcGIS 10.39] Arclydro =75 AF&ste] DEMO.ZHEH %S F535te <
W(rainfall map)S ol&ta A9 187] =9-7] A=l 301 (1991-2020) &<k
interpolation method)& ARg3ko] 2A]®l ZHo|t}, NDVI W& Landsat 894 & 53

A AgE Zleltk. NDVI A F78H4] 38 ARgste] Albeth,

[s=<k4) 3]

(NIR —R)

NDVI = ——
(NIR +R)

o714, R band 4 HA A~FHEZHo| NIRES band 5 <& g EHo|t}, o]gla A ZH A %= (geological ma
pE Y H7ke NAEE 1:100,000 FHoz AR, A7)% 114 7% B % 7o E=AE upe}
2t}

FSM =215

2,
rlo
ol
()]

(1) A 2] % (Preprocessing method)

FR(Frequency ratio) W¥: FR ¥ & (statistical analysis)& 9%k ®oltt. FR "HH-2 779
T TFE olEheE IAE e #AE AW, FR BRe A WA dA= AA9 (natural break) 2L
% T (manual classification) WHS AlHo 2 7|FE 78S £ olgjdt /oA T AHE& FE3I0}.
FR 2k 7179 ZF &bl Sdz=el &8 5 F 24 FURHE Y w3 7 ske
of A £(\NP)E ;T A9 T A4 F(AP)E L}—‘Cr o T Atk FR ko] &55 & A Al @

g 579 TeAEs YEdY.

[432] 4]

A4 B4 (multicollinearity analysis): &40 33 X vy

A B4l AMgET. T3 dAde 28t 8RlE Alolel frojv gl o‘i&i&ﬁ]ﬂ =

) o] FMAe] Zatd REY A LR/ E T 9 &

&}7] 918 VIF(variance inflation factor) A& A& & 9}3}. VIF ®<7F 105t =
wAZE Atk As ok, VIF =5 Al4kstz] 918 IBM SPSS Statistics 26 &ZE )7} AHE:

o of\

4y o2 oy ooy &
N
N
=3

N
LU Y

Ex|7] WHS o] 83 5% F Q% (Feature importance using the Geodetector method): 7oA =&
] EAE AT Wl FAte] AT 3 At 28 o BAsiH ) ol sl A7 A A
e Yyebdg . A gA 7 Hmge F744 F3 o] @A (spatial stratified heterogeneity)<

[o [o
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ufetslo] oWl E b ¢lxl(event's triggering factor)E LAsy] 93 =Fo|tl. & miEE(Y)E A3
I Y9 X(5H wiZiE4g) Alele] BAE H2ES ¥utk oplet T 5Y W7l o9 s e85t Yo 9
S v A=A AHEG, -3 %% W7 B F5 4o AA 2909 HX=(degree)E AAS7] 9l 29l
EFx] 7] (factor detector)”’} AF&3tE SH 3ot}

o714, bel, L& HY W Xel AFE vehlln, A% kol At EE 9ele] S N2 EAEE, A4 9
of AA ol W w9l

Bt A% W Aol B 7zt Gwl o' mAWL SSTE RE AlFe] folx, ssik Foln 4
Aol golt}. of - -
a7] 98l A EAY) £ZES O]} ALgHL,

(2) ¥4 a9 7]'H(Flood modeling techniques)

RS
0y
lo
rlo
(e
=
>
)
)
hs)
=
)
g

GA(Genetic algorithm): 3 dudg]l&Ee HAslo] AlSEHH A 23 HFS 7Hbe g ). GAe EFUS
ZIgko 2 k= %_LEE]ZO]EP 7y AAAE £F4AS Ui 7 upylig s fAXE 9est. A A=
Shgo] 273 dup & dAjskeAol el R ZF FAhAA AP R H4E Folst. fd dagls
< ditdor T gAE XSt 3 WA dAE oe AdE AAAE AAE Adeste Ao, T HA oA
= 5}3 AE A3 94:6]] a9 EdWels) e V|eS B Agd 7Hiﬂ§ ZAskeE Aoy, /4 &
7 . s
O

distribution)% AFE o RN AHE B
= &8st ow AAZE v Adel © & 23 ZE

(Selectlon operator)& AF&3te] AEs /MAE HdEst & vS

EFAE Adete] 7 Y AEE EFHS AATOEHA GA OELF—E]%% o1&

EFAE AT T EdWolE HF A3 AR ARgEte] sl o)) fHAE ]

2 F8 7|+ (termination criterion)o] =g wi7px] o] A sEx] AaAE AlgEe] B3

daE]Fe dHolH *ﬂ
a9 v, dlolE AlE

mlm

W REES AR FEs] B2 o oadA

7 Z AYE oS dlgdd o) A, wpxete 2 RF F4(RF estimat

29| o9 7k% Hif(veighted mean)o|th. RF Lae]Fe] 3 F s BE 4o A&5H
P o gloke Zolth, RF dae]59] o5 Ao F=2 1) 28 #78 S0 & o
E =2 AR Aol H&E = Al 7HA 540 e dFE wen

2]
=2 —?_Ead A3 (in-Bag) ¥ AF * té(out of- Bag)° 244
=
=

HF-EXE HA(Bootstrap aggregating)(Bagging) %ile]F: Bagginge ¥ dlo|Ele] thkdt sb¢] H& A
&oteo] T QuFE oY W Fdshe AS xEehe AL Ao @ fIoit. wiAde M 4
Aol HAS FEAEHFsL ol MER S AER ARgste] AAdET. Wi T4 sk gl wA
Z T FARE AYEoe] E57](classifier)7t T5 dolgd vs] FHEE S WAt wAe] HHL
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G =07 Al B3 277 (composite classifier)E AAste] 7|&E EHF7]9)

Kel
=
A 715 Aot BE(voting)E w7 oAl AF&sE 23 #|# Y Z(combination mechanism)
2~
&

s
gt 2
slo] FAHh o] 71&e oA AY EdelN AF AFHAW BE mdo] 4§ Assith W FaelFe A
e eba g3t g

D™ )+ fH(x) + -+ f,(%)

o714, xi= ER® oS(target prediction)S WERIL, & W74 d5S v, f,0+00++f,(x)=
N ANA <52 oS (individual base learners' prediction)S WERITE

He A4 7 shdeE B
A2 o] ofw &}o]H gz E
RF 2 w7 ¢312]5(RF-GA, Bagging-
g 2 HAH3E ¢k sto]B i

# A3} 2dae]F(Optimization algorithm): ™Al <
2 A stolrt. wAle G sto]H a3 3]
b M EE ASS UslEAs ZAste Aot #
GA)S] stoldutetulEle] tiE HA e M7 8 A LuES
= dugge] A9 e = 8v g

GA SaeZol A 22 F4(R)E 55+ 99} ).

s

(5814 o]

Object function = Max(R* =1 —M)
Z(v:i—¥)?

o71M, = yol e gk, V= yol A 3%, v 2A #(actual value)S 9w gt
(3) #= WWH(Validation method)

e o4& dotetr] s AbgE mde] gakes grhshs Zlo] Rdste] $a3 HECo® RIUSE, ROC,
7] tholo]z#l | SCAI A5, Friedman, Wilcoxon ¥3& 9 HAEE ARE3T]

RMSE #1570 dl5oates B4l Aes H7bsty] gk A3 SHA= AA g3t A5gke] zelE v, =
o] s Frkstr] f8) 32 109 RMSE A|5E AR&Fhrt.

o714, N& #=X](observation)®] o], yi= AA grolw, V= o= Zholt}.

ROC =H: ROC ZHS ol ZS 99 thkd AWEd wals Gged wde] JUwg e o AL 5
itk B4 WA WA Rots

o)
o
o
et o
o
rlo
=)
(&)
. (@]
1K
2
&
=
_
e
o
-
D
o
s
=
o,
D
i
o
=
@D

(5344 11]
n Si
AUC = z»_l (Xisg — X)) X (Sis1— S — 3)

o714, iz 5ol (specificity) S WEIL, 5= W74 (sensitivity) S VERITE,

AUCE] k2 0.5914 1 Alel& FA- =5 lom, AUC #ol 19 7MHeaS oS Bde HEwr) Eus 2S 9
u) gk},

SCAI A|4=: SCAIAE Fojx W7 E Fd~(susceptibility class)eol &8l 4 A ¢ 9 Fg= Y
of $Ixst AA HA 4 7ke] W] Fo] mHATE. P HFsE a7 SCAI @2 ohE 159 SCAI gtRt) o),

_13_
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SCAL A= 4814 129 2t

Number of pixels of susceptibility class(%)
Number of floods per class(%)

SCAI =

HES HAE: B9 Ay ko] SAHSR fogt AAE Hrishr] 98] #|ESG Bl AE7F AFEFTE. Friedman
HAEES A33sl7] Ao BRE o= rdle 59 F9 5 (significance level)olojof g}, F o] o= 71
93 zpol7} givkE AES WEy] i F 29 2% thell Friedman HIAE S P-3t JAGS FZ3)oF
Stt}. Wilcoxon 9] HIAEE ofefst o F 29 7o) Aol FAIAN oA (statistical significance)S 2
Al o AFEETE, z-3ko] +1.96 X -1.968TF =0 g 7} (alternative hypothesis)o] S E ),

Hade tholoji®: HYe tholo]i2 FRle] A= dvht F XA aHgoR Qoks 4 rt.
A Z4&E(Metrics of correlation), F4¢] RMSE =po], Zglx ¥ FHA FF(standard deviation
amplitude) & 7+ & 21| FAMS H7behs o &g Wgo|tt. olgfgh tholojge ofg] 7px] HHo] A
4 F24& ZdA4sh= o w83k,

2 ArdES g Al dig FNS 75387 98l 7H—<4 HAled ¢ag]F(RF, Bagging, RF-GA, Bagging-

] ¥ &aelF(RF) I FEZES 7 (Bagging) & WA 248}

(= A= 1 ‘%‘?é e 7wy g Fel dEHs AlEs]

, A7MA1e] AE, TWI, AP, NDVI, A&, ZA}, SPI, B 245 )9

B Ao = Sentinel-1 SAR $14 A4S F&3sle] ¢ AYS
9

dolels FHstel A2 5 3l =
< Jom, FSME 913 dold dAgdd vz &4/, FR 3 A&7 ¥

Zrol T4 oWlED WS A4

o] Ag&d F ATt

olAF & o] AAdEe EH, feolu 4 FES ol&ste] M A9 Frof T JIMER WS 2
Agtowm dolE §5 g adHel F RUHES AT = Aok tKo], B 2yl dAAjds] u
29, §31 vEFE Y dagEs AREste] T el WY dE VI il gaEEs HAssta olE
53 FMS Aoz FM AsS FdA1Z2 & ot

ool Ay FXe =do] FAHALAE, AZEY FALA, H/EE =g ;wﬁi 92 AZE o]
TR o FHE F drt. dE Bol, AAdEdA AYE FA 2 FHLLE, L2AN, 2EE

2, ALU(arithmetic logic unit), ©RAE A& ZZAM|A(digital signal processor), ulo]| A2 AFEH,
FPGA(field programmable gate array), PLU(programmable logic unit), FVFOJIRIZAMA, HE+= WHWH
(instruction)& A3t THE F Y& thE owg Ao} o], gt o] WHE AFH E= S 5F
74“‘512 01*‘10}04 ‘??ﬂ% T Silr/} ﬂ?/l FAE 9 AAO0S) 2 A7 &9 AA A FAEE S ol
< ek, A A e AZEdo]e] Add §H3le, HolEHE A
. A%, i;‘—}, ﬂa] 9 AT F2 vk olse] HeE Hste], AE A= st AMgEE Ao AX
AA| W & A& 7H A=, AR AATE B e Y 84 (processing
element) H/HEE 5 F39 A 845 ¥FE F AeS & F Atk dE =, AY FA= HF A9
Z2AM EE ey ZaAA 92 e ZESYES 23 S oJduk. w3, wWE@ Z2A4 (parallel
processor) ¢} &, & A T4 (processing configuration)® 7}H&3dht}.
AXEJOE HFEH Z2Z ¥ (computer program), FE=(code), W# (instruction), =E °l% F 3k} o|g]
Z3hs 23 ¢ gony, dite YR FANEE A FAE FAASAYU HHHoR EE AFHoe=

(collectively) e ZAES ¥LdL 4 3Utt. /\4E°ll°1 H/EE dHolE =, A A ofste] sjAw A A

gl AAel gy E= welEE Alwetr] AAste], o' FRhe] ZIAl, 7484 (component), ¥4 FA, HHFH
Az wj A e Aol A8t (embody) 2 G ATH. AZEdole WENIR AAE FAFE Al=H Aol 24k
s

oM, Bare Wow A 488 FE vk AxEde] L delH: sht o de AFY BE b
A

Sl xEad 9y gas Tkl A @

B AN mzaes A AgSA, A9

CER, AL B EE 57l dedolst aga Fee o
&

2
o e, oW AHFH Al&ged A3 JEEs wiAed FHEA i, HES

r\r
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el Eak EAEE AY = du. wiAle] dAz
]7 3T

, BtE txa, ZTEy fsaz 2 Ay Holxs) e
7] wjA, CD-ROM = DVDe} #& #7]|= uijx, E

Z5HZ y2A(floptical disk)et #& =7]-3 uwjA
(magneto—optical medium), = ROM, RAM, Z#A Hlxa 5L E3slo] Tz a3l Hulolr AFHYES 34
Aol A& ¢ Avk. &g, vE wiA 9] AAr R, oEgAolAdE FEE § ZEo VIE thge AxEY
& I A §83= AlelE, AW FollA #Eshe Z1EMA X AFeAE & ¢ .

ir&ﬂ

olgit o] AaldEol HF FAHE Al =del o3 AREdony, AT VlEioblA S AAS 7t
QA AR A71e] ARTE e £ 2 Age) besth. o& Bol, dWE slEEel Ay Wi o
2 AR FEEAY, B/Es ARE AaE", 7x, A, Iz o FAHeAaEe] Add U vUE FH
2 A% Be 2FHEAY, e 84 Ee deEol ot dAHAY ASHTeE g A 242
2= oh;}
T .

aeEg, BE FAE, BE AAdE L SHPTUAST FEF ASE Fasts ST Wl £

=g
=0
100
2 EE R
110— H2el
140 REL
! 3 [
e
oEmolA [T =2 HIA
A A (30
) |
Al OLE{ T 0] A
A
160
oz ®EK 150
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Flood suseptibility mapping

,’EEI-D-EEI

Rainfall
Geology
Plan curvature
Slope
Aspect
Altitude
TWI
SPI

NDVI
Land cover

Flocd detection

using Sentinle—1 DEM

Medelling

[ Parallel ensemble-

based machine
learning

e Spatial database

Preprocessing } __:_ﬁ_/;

‘Multicollinearity analysis

‘ Frequency ration (FFI)‘

Feature importance using
4 Geodetector

Validation

‘ Receiver operating characteristic (ROC)

‘ Root mean square error (RMSE)

‘ Non parametric tast

‘ Taylor diagram ‘

Seed cell area index (SCAI)

g
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Food detection ]

Sentinle-1
(GRD) imagery

Preprocessing
| O

Before-flood
mosaic

Speckle—filter

Automatic
preprocessing

After—flood
mosaic

y

Corrected

images

Change detecion
- J

Apply
threshold

Exclude area with
> 5% slope

Y

Global
surface
water

Flood inventory
map
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36°36'0°N

EC

380N

340480N

4400 E ASO2R0E A6°60E APS00VE 45O E 4660 A4PS00E ASC2RONE 46°6"0"E
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