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EX: HME. HLEH[0]. https://news.mt.co.kr/mtview.php?no=2022080917011789586. 2023.03.06. T;
MHQ! MIUAE, https://www.jeonmae.co.kr/news/articleView.htmI?idxno=896782. 2023.03.06. <&

715 skt o7 1S At E Ajsfi o] Rl A S7HE 1T o, A5=9] <t
A A= f AE3] thEoid "7t it 22 IPCC (Intergovernmental
Panel on Climate Change)=1.5C 7|% EX &4jo] o8& A o0& THsIH

11, 7|1 %A35te] Fofart msfi7h ol e A Bk A A0 = ol&sal it 4
= 745 9 TA| Fi2ollA] 7|% BIStE QIgt Woli= 1at AE A Bt 5
7¥sHA d Aol a1, olo] thgk A&t th-&- 1Rt nldo] Bl AlgsiFth IPCC
S 7k 7] HE} ol ek 28Rt vk B8 /48S ZFEshal Qlth2).

1) IPCC. 2022b. Climate Change 2022: Mitigation of Climate Change

2 HIHO[E 7| A== S & &4 2|AT BA BRI WY 7



O 752 SAS Y 50 L 84 2jAT 24

A& ZoI A A o A%B0) 1eHwo} 2L A% 549 4

o W) SN ASE LPEE 0% 6] s Ul Ul v
T

vl
s
rlr
2
ol
40
ool
1
¥
X
M
o
I
rO
™
=~ o
ot
o
o,
N,
uie]
:cg,‘
X
rir
o
il
I
1o
I
oL

A
A =
A B TR AT A E HeleE Tefstel O W8S Hasks] 9
3 2ARRE A SFook B,

[23 1-2] Hazus-MH2| E+24 Zue}t S+ Of5} 252 X
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3) Metro21: Smart Cities Institute. https://www.cmu.edu/metro21/projects/smart
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@ Canadian Wildland Fire Information System4)

Canadian Wildland Fire Information System (CWFIS)+= 7iUc}e] kA &)
2 U EY AJA-e|Th CWFISs AUt} Natural Resources Canada”} %
s, AUt W B ARRC] tigt AEE SRkl Hgshe I Sith
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ZX: Natural Resources Canada. https://cwfis.cfs.nrcan.gc.ca/background.
2023.06.15. &=

CWFISE Ah=dlS2 Al vt A A1 SeAlade SH2= S Al
g AABt Fotal o™, AARE A2 oot 2.

O Canadian Forest Fire Danger Rating System (CFFDRS)5)

7huct AHE 9 53 AIARI(CFFDRS)- 7Hutte] A= Y182 B7let= =7t
Al&dloleh ARE 912 S S0l A Wate] -Bol, EA19] ol & T
2 8212 H )| ol AREEl= YA ]l goltt. 3k 9 53 Al o
Qreh 8] 2] o)A A0 AR EIE ) AR e WA Bl 1 A
£ A/J3tct. CFFDRSE 1968+ E 7 Fol @A vt 48 7|4 A4
(FWD) A28} e} AFE: S o2(FP) A14H10] % 71R] S19) A|2:5o] 5]
yrel w414 0 &2 FHQeHA AMGE L A

4) Natural Resources Canada. https://cwfis.cfs.nrcan.ge.ca/home. 2023.06.15. F<

5) Natural Resources Canada. https://cwfis.cfs.nrcan.ge.ca/background/summar
y/fdr. 2023.06.15. <
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O Canidian Forest Fire Weather Index (FWI) System®)
et ARE 714 AG(FWD) AlARRE AR 8 9 714 2700 SHo] wjA])=
QL ek 671 T4 A4 THETH AL A 7P P4 Rk e

/IS 67180 % Bl 2 4A 53U A 4 ol
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6) Natural Resources Canada. https://cwfis.cfs.nrcan.gc.ca/background/summar
y/fwi. 2023.06.15. <&
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O Canadian Forest Fire Behavior Prediction (FBP) System?)

7Nttt AHE 5 GlS(FBP) AlARRE AAZRIARE S £, Ag 48] 9 5}
A 730l thet A=A %19} S Arg2 Al Rttt BRI E SHAf A4 o
28 wot 5] W, S Aol F|olo 2o] SHkE 9 S

i

QY P Zw % TN B Aol gt 2YAE A,
FFRIC, 151, BLI, Elewation, Elapszed time,
FBP System weind speed Percert slope, lstitudedongitude,  point or line
fuel type and direction  upslope direction date ignition
Faliar Type and
Fuels Wiesther Topography: Moisture durstion of
Conternt prediction

Canadian Forest Fire
Behavior Prediction

(FBP) System
I
Primary Secondary
outputs autpts
# Rate of Spread # Head, Flank and Back Fire

& Total Fuel Consumption spread Distances
« Flank and Back Fire

# Hesd Fire Intensity A e ¥
ez of Spres

* Fire description . -
. . # Flark and Back Fire Intensities
Crowvn Fraction Burned and Fire Type
C vpe) # Elliptical Fire &rea and Perimeter

# Rate of Perimeter Growth
# | ength-to-Breadth Ratio

7) Natural Resources Canada. https://cwfis.cfs.nrcan.ge.ca/background/summar
y/fbp. 2023.06.15. A&
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8) Wang et al.. 2019. CityGuard: Citywide Fire Risk Forecasting Using A Machine
Learning Approach.
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AR SR A H oA = SR Bdli 22 B4 HlolEE AREo}
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[12] 2-5] CityGuard A|AH M
£X: Wang et al.. 2019. p.15
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Forecasting @

[13 2-6] CityGuard QIE{H|O]A
Z£X: Wang et a/.. 2019. p.15
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McGuinness et al. 2019+ 7|& A5E &9 S 232 FEA] HlolH
EX=HMODA: Mayor’s Office of Data Analytics)2] &, ZX|o} F-}cfjsta}
of Extet AtR=o] A YHE Firebird R, RX|of Ffehsta} ojxH 1
2HF=ro] § YEE Metro21 20| 7]9ksto] 7iubct 2of wRIHE X ] #l
FH A2t FAAERIAH Al o E ASE oS s 7ot

2t B B8 Ho|ElE 73to.2 shjARdolE, Ao, At
HHole], QATRAROIE(QT5A % AFAA Hole), A4 Hole]
311 HoTEESSY Hlole E3), = Hlolel, 7187k5s A Holelg T
F519ick 551 A58 B SAFolEE A% 2 Ae 5 5 BR DA 2
SpAI2 87 o7} ZYSGICE B FBE ol F R, A DAY F
o, $549 9 BAjo}g, 4 3 W0l 52 FEIHA

B4 Eole) Al 75 A 45, b SE, A4 $208 FHAA. 3

AL 9 AV ol Fa 4202 T3t ThE HolHi X4 DS A%
so] AgBLAOH, FUE ID W 4= HlolE7} Gl A5 FASHALE. A4 4=
Zol A AaEA) Zat Holel ARtadon, A4 Such o 2 Hel A1S

Bh Holels BE S0 tishr)

M) A] IR RIAE A o] shelZ e g Sist weole]
He o HolEMoR 2014-2016H018E B8, HAE HoleAl
20174 Hlo]elS Zg315.00, 20134 Hlolel B4 M) A8t 2
99| Y2 PHHO R 02| 7P AEE ALgSto] Mt

M rlo fe

* True Positive Rate (TPR) : 2E SIXf| AbH = 2HE2 | AlEE| SERf| AFHO| H| &

False Positive Rate (FPR) : 22 O X &l SH| AtH2| H|&

Area Under Curve (AUC) : ROC (Receiver Operating Characteristic) = of2{2| M~
OZ TPRCH FPR J2HT 2

Z£7X : McGuinness et al.. 2019. A Building Fire Risk Prediction Validation Project. p.8
glojg £A4S I3k H4led HE2 XGBoost@ L 2|52 E-859itt. 4 2

T} "] A9] AUCE 0.78, FYAETIE AJ9] AUCE 0.83S ET}

9) McGuinness et al.. 2019. A Building Fire Risk Prediction Validation Project. pp.
1-16



ol=¥lFH A]9] 49 2017'A0) sl 70%2] BHAE =51 AlS(TPR: True
positive rate)olHA] 25 =5 A AFA(FPR: False positive rate)< 28.8%
o, FALETIAE A|9] 59 70%2] SHHE d&5HA AS(TPR)SIL
dlZH A ARA(FPR)Z 23% AR tH= A ojugitt.

City of Vancouver Model City of New Westminster Model

Area Under Curve = 0.78 Area Under Curve = 0.83

City of Vancouver ROC

City of Vancouver Feature Importance City of New Westminster ROC City of New Westminster Feature Importance
0

02 At70% prediction (TPR)
28.8%FPR

t
23%FPR

AUC=078

AUC=083
) %0 02 04 05 o8

Data Sources
Zoning Property Assessments Required Fire Flow
Block Level Crime Parcel GIS Other Incidents
Fire Inspections Building Attributes
Fire Incidents Land Use
Census Dissemination Areas Specific Building Use

Building Footprints
Geographic Locations
Internal FUS/Opta Data

Opta Business Information Data
[O& 2-7] sxfolls 22 2 2t
Z£X: McGuinness et al.. 2019. A Building Fire Risk Prediction Validation Project. p.9
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City of New Westminster

City of Vancouver

[O3 2-8] HIZH A| Y FHUAEDIAE Al2] HEE SR E
1: McGuinness et a/.. 2019. A Building Fire Risk Prediction Validation Project. p.10
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Z£X: McGuinness et al.. 2019. A Building Fire Risk Prediction Validation Project. p.11
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City of Vancouver Model City of New Westminster Model

Implications of risk based approach for 2017 Implications of risk based approach for 2017
Effect on Discovering Fires Effect on Discovering Fires
- e
Current // Current
First R // First
25% of inspections 7 25% of inspections
visited 20% of i BV visited 24% of
buildings that had =l - buildings that had
afirein 2017. > afirein 2017.
p~
| =
With Model | //’/ With Model g
First | o First -
25% of inspections || A 25% of inspections
visited 60% of il / visited 70% of [y
buildings that had J‘ / buildings that had wtf
afirein 2017. / afirein2017.
Effect on Discovering Severe Violations Effect on Discovering All Violations
o ; S
Current i = Current
First Vit First i
25% of inspections : & 25% of inspections i
found 15% of severe uf ,/‘ found 18% of all fo
violations in 2017. Y n o violations in 2017.
w»f _ -~
=~ //4//4
With Model i §reg With Model
First 1" First
25% of inspections 25% of inspections :
found 44% of severe found 35% of all I
violations in 2017. violations in 2017.
= RO ES =)
[J2! 2-10] B2 &22 £5F M T2 ]Mo| S84 Skt H|g

Z£X: McGuinness et al.. 2019. A Building Fire Risk Prediction Validation Project. p.13
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[22 2-11] TabNet Z2O| AMZAY X
EX: Arik, S. O. and Pfister, T. 2020. TabNet: Attentive Interpretable Tabular Learning. p.4.
2T 2. 2022. YH|O|E 78t AAZZ Sl OIS 2= WY A HFIUATY, p.76.C28
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OlA|eko 2 55 TabNet B8-S 0]-85t0] A-2A] HA|Q] 317 ok AZE
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® SWMM™)

SWMM (Storm Water Management Model}2 19714 1|= £ H S=HEPA:
Environmental Protection Agency)olA 7iEH 9= 2] Edo|t}. SWMM
2 EA9] §E5 H vl A ARLE AlE |0 St AT E o] 7| A&, 94
T AA”S] BA G A 95 =2 ARSET EoL e E vl AlAE
ofl gt AlEo|d o] f5to] A T4 Ao T2 BEE= HPol7]
T o)t

B-&-Q-D X 000

¥ e

Profile - 1- 5 Vear - 6 Hour Storm - Time: 41.85
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[13 2-15] ZLE 125t A S A|E2|0[H Zut
Z£X: BURGESS&NIPLE. https://www.burgessniple.com/insights/2021/8/16/a-deep—
dive—into-swmm-modeling-5-common-mistakes/. 2023.06.10. ™.

SWMM2 889 739, X8, oleiA 4 WE A=g AREsto] tidA19]
Hi52E H7ter] whitol thE o] Hlsl et =t TAIX e 5Y
HiEALE T 0 &2 AlEd o] 755, Al weE Z-9-e] Hs) A&
7O T, AFAE S A A, EFT =29 - JF, Aot} Al
AR 7 AT ARG, Bl AFA 9 ASA] fE0F I, oot A9 A
(LID: Low Impact Development) 847FA] &8 4= QJtH2), o] Z2 EAJO
2 Ql5f SWMMO| &Y v Holl A= 7FE =2 YT s U= fE
24 nd2 g 9t

11) EPA. https://www.epa.gov/water-research/storm-water-management-mode
l-swmm. 2023.06.10. <

12) EPA. 2022. Storm Water Management Model User's Manual Version 5.2. p.15
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[18! 2-16] SWMM 2M 3T
Z=X: Simon, Michelle.. 2021. Getting Started with EPA’s Storm Water Management
Model (SWMM). p.8.
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S TR

Infiltration

[13 2-17] 22, EYXE, 3% S5 125k= SWMMe| 22 = 24 HEE

Z£X: EPA. 2022. Storm Water Management Model User's Manual Version 5.2. p.85

13) EPA. 2022. Storm Water Management Model User's Manual Version 5.2. p.84
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@ SWAT'6)
SWAT (Soil and Water Assessment Tool)=> U]t 55-5(USDA: United States
Department of Agriculture)ollA] 7HE3eE E9F 9 =24 H7} Ftolt}, 59
Ul EXJo]& 4 Teo] oJtt A FFE AlEE ol ok 28 7 e =,
9 oA W2 S FFEoA AMGET A, STAL JFE A
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14) EPA. 2022. Storm Water Management Model User's Manual Version 5.2. p.16
15) EPA. 2022. Storm Water Management Model User's Manual Version 5.2. p.16

16) NEITSCH, S.L. et al.. 2002. SOIL AND WATER ASSESSMENT TOOL THEORETI
CAL DOCUMENTATION VERSION 2000

17) NEITSCH, S.L. et al.. 2002. SOIL AND WATER ASSESSMENT TOOL THEORETI
CAL DOCUMENTATION VERSION 2000. p.1
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Evaporation and LA AT A
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N
Root Zone Infiltration/plant uptake/ Surface

Soil moisture redistribution
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Zone } o N -0 B I T - Flow ™

W R4
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Deep {confined)

Aquifer o Flow outof watershed Recharge to deep aquifer

[13 2-19] SWATS| £& M 3
EX{: NEITSCH, S.L. et al.. 2002. SOIL AND WATER ASSESSMENT TOOL THEORETICAL
DOCUMENTATION VERSION 2000. p.8

SWAT B2 2|0} that 45 5412 Saal7] 91 AT 2 ofe 7o) 5t

[CHE A EXIOIE K| [GIIRSY & R

[ 2-20] SWAT2| 519189 7= AlI(FH2 )
ZX: NEITSCH, S.L. et al. 2002. SOIL AND WATER ASSESSMENT TOOL THEORETICAL
DOCUMENTATION VERSION 2000. pp.6-7

18) NEITSCH, S.L. er al.. 2002. SOIL AND WATER ASSESSMENT TOOL THEORETI
CAL DOCUMENTATION VERSION 2000. pp.6-7



SWAT X 29| A5 = A Y] 7HA] R o2 24t 7R, EAJol&
T, E%% DEM (Digital Elevation Model)°] 7|2 dlo]g §-3o|H, f-dEZ
A7 4 A9 d BEESE, 4 B YT 5 AN JEAEE ARSRIT

T 2-4] SWAT 22 Xtz

5z M QERIR
" 122, 2 yRES o A HIFSE, U HIRE, Y AL,
o) HRIAIAY
EXIZ R, SURI%, APIBIKI, £X), &K, LK, £ 5
EY Rz, 22, AE, HE, NYE S sRy%E
DEM £X|EVDS(DEM: Digital Elevation Model)
|

EX]: o/, 209, BeAl, 25U, ZAE OIS, 21714, UZAH. 2008. SWAT ArcView GIS
Extension PatchE O}23t AQ% 2810 12 42 U QA S0 0|XK= 53 B}, o=
ssiE|x|. 512

+
1]
I
Ton
N
£
S

S 58 2 IR 2T, S EY o2 e e 2
Hog 4 3tk o] T F5 B4 Al FR AR EE A2 fEYeR, ¢

9] AAT} JFARE ZHTI] A7 AR FEHS BASH= F9% ok ®
St SWATEES GIS AT EQo}e} A5ote] FE5% £ 3T 4= UTH9.

SWAT Input J SWAT Output J

y Precipitation )
[ Temperature ,

Runoff/Soil erosion/
Water quality
for HRU

8

z Wind Speed ’

B

< —— " /
T Solar Radiation Y

2 Water quality for Menthly
5 Relative Humidity } Subwatershed ,
3

4

o

i

Land Use '
| Soil '
\ Topography )

[2&! 2-21] SWATQ| /21 U =21 [H|0|g
EX: 51T, 2R, BIRQAL UZA 2AMZ OIS, 27|, UK. 2008. SWAT ArcView GIS
Extension PatchZ 0|23t A Q% 25l0]| 2 42 U QAL HS0|| 0|k [= HaF Lyt st228t

Zats|X|. et=-HatE]. 24(2) p.149

Runoff/Sail erosion/
Water quality for Reach J~
segment

19) 31/ A, B4, 457, AEE e, 4713, 78A. 2008. SWAT ArcView
GIS Extension PatchE 0183 &7 £ e & 2 A 750l viX= 9F

H7L SR IIA. AmEetE]. 24(2) p.151
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® TUFLOW20)

TUFLOW (Two-dimensional Unsteady FLOW)+= o4, 3ot @ TA]R|H 9]
TS BASH AlE ol AnEfofolt). TUFLOWA= 2D HE9 4
ZEQoE, Hehd, A%t s, S A, TA] A9 4= e 4] of 73]
At ArcGIS 22 GIS £ Ef0j9} AF3t 240] 7hsstaL, 8424 &
A A Z57EA8 H 919 H4AlS 236l tlolE fo] kst ofof w
Y W3, T oS D A8 B7E TA i AA|, S ST B TRt
2ol A ARGE L QT

[O3 2-22] TUFLOWZS| E4 24 0fA]

Z=X: ACKERE, S. VAN. et al.. 2016. DEVELOPMENT OF A 3D DYNAMIC FLOOD WEB GIS
VISUALISATION TOOL. International Journal of Safety and Security Engineering.
6(3). p.564

TUFLOWRE-S 1319 Tho] = mulg AMg:3lo] slaAg 2gahul, Awe]

& 552 24 S F RS AREste] BARI: 2D EHR1F} 1D sk AE

BHOoE AFs| AlET o]t =Tt Ear, HFE Y 1T A2 A

(GPUYE HEE AT 4= Qlof AlEd o] &7} Hl= = 5ol Ut

[22! 2-23] TUFLOWS| 4= 213 [{|0]E] G|A|
ZX: TUFLOW. https://www.tuflow.com/products/tuflow/. 2023.06.14. &%

20) BMT. 2018. TUFLOW Classic/HPC User Manual
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® FLO-2D

FLO-2D+= 221 85 REe) ATEQ o] R, TASET AA%HE S W5 112
Sto] AlEEol A gt ARpRe] B4 ol B9 SEZ VN PR £
A0 2 A 739 F-E<o] gk FE3t B40] 7Hsditt. FLO-2DE -85t
918 DTM (Digital Terrain Model) @} 7325018 5§ ~24l0] Y ashH
ol& Bl IS BT 4= Atk AR o 2= EF AR S, 7499
I SEI oA 585, =29 AEC] 3t =A] Wf SE(Street Flow), AR

[$)
S} e 5YTREY AT 5 SEl SEIH 242 S

[O3 2-24] FLO-2D2| &4 £M 0f|A|
EX: QEE! http://www.woorimtech.com/page/flo211. 2023.06.14. ™%
FLO-2D&= ¥ W 29 38R} A ER= 2 AV 55 B sk 43
02 FHEA B ofe} Tt EofollA] Z-8E 1L Atk 5] B AR A=

o B2 ZA| 25 WYste sHo] sl =AW A6 55, A, 75
Aol -85ttt ofof wheh YRk o7 R o Wi, Wk e, EA
i A, S % sl vt vl oS- Algle] &8

2) 2|A3 2N DY

® Hazus-MH21)

Hazus-MH+ v]= QAT (FEMA)OIA 7iatet B3 ZhAAfsfiof digh
A3 7} E3o|t} “Hazards US Multi-Hazard” 9] 2F4}21 Hazus-MHE A
2, 8=, Sl AIRL 5o AR = sl AT = U= A EH -2 A
Agte} A2 FE A AR(GIS) HlolBE o]&ste] £4 A|9 9] HE, =zt %

21) FEMA. https://www.fema.gov/flood-maps/products-tools/hazus. 2023.06.14.
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Q170] o} A1, B B2l 5 TRt £ At vl IS
AIBOIA B % ek, ABAo) L SIo) ASE B4, 97 UL, BF, FAL

ZoR S8 EAIAE Al ATolE = ARSSto] 24 9] oS =Rl

Study Region Data ‘ Potential Flood Hazard
e Riverine and/or Coastal
Inventory Inundation
*+  User-Supplied
* Hazus-Generated
I
Direct Physical Damage J l 1 J'
Essential Facilities and Transportation: Utility Systems General Building
User-Defined Facilities Bridges Stock
)
ﬁ s 5&3 wall
| I 1
Induced Physical
Damage
- . Debris
Direct Economic/ Social Losses ﬁ:ﬁ
Economic Shelter
= )

[ 2-25] Hazus flood model?| &M %
EX: FEMA. 2022. Hazus Flood Technical Manual: Hazus 5.1. p.2-2

Hazus-MH& AHAAS 2 Q13 24 m]sfiet &4l gt Feh4Ql ejAa= 1
7¥7} 7Ks51, o] & o]&sto] A B]lAT A =8 STt Hazus-MHE
o] gsto] A] AlZ7} H ARA| QAL AR 1191 A2 AEetal A=
Hh= AT 489 5 38 5 e 5 AR S FshE E017] gt th-3
b mio] ZAZ AR = QX = A 2 S T AR, =
n|U7g3sl= 5 O 519 =7l vt fARE A o & SR8 1 Q)
ASEY] F2U 8k, A8 L AFA 4, A U H QI B4, 8 A Q1
e}, 7 9 obd HlolE, st 59 AHE A uolE = E-85to] £42 &
3ict.

Hazus-MH 2@ A4 2]A 242 flsl 4 g 4= ARSIt
Ao A, T fx 9]
T RO AEd|o| A& -35taL o B o= AT E FARITh o] &2
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5= 3 Flam E4Rde] FgE g7E s E=3Z(Confusion
matrix}& E25H1, o]o] 7 tto] H2hE 2 FE4FL-Score)S MBI
ESEROC A (Receiver Operating Characteristic Curve)& &-85fo] =gl
9] et B7HE o). e 9 F1iaet 22 B/ S o Y
Ol J5= ATH o & Bristal, R AR RIS A= H =22 E 5
It (Novakovi¢ er al. 2017, pp.41-44; =58 2] 2022, pp.72-73). ROC =
He) A9 2R o 274 5fo) WA 2 ASE B 53
Uz, & g7l E AEsta] AR8SHARJapkowicz 2006, pp.7-9).

=34 (Confusion Matrix) 29| £57 A7E Uehl= Folth A &
A} st S Ao whet True Positives, True Negatives, False Positives,
False NegativesE UEIHT 0] & Fof Elo] ojH Q75 o LA WA F=
A A ZAA o &2 mlelgt 4= It Confusion Matrixe= FJ2e, Y=, HEE S
THget B7HA 2] At ARETH =T 2] 2022, pp.72-73).

W

g8 = (Accuracy)e= ZEO] AAAR] 24 FH=E U ARZ, 23]
SRS vieR AN, S43 o2 vt go] XAEH.

o]

i
ol



e TP (True Positives): MH| otxi7t BiAlst D DT SIX2 EAGH HQ0| ME &
* TN (True Negatives): 2| SEH2} 2/HSEX| Qb1 R L SEA|I} Ol 2o 2 Mot 4L

|0

|42 &

(False Positives): &H| Stli7 2/AHSHX] o4X|2F O] 2 A0t BLo| HE -
(False Negatives): &lH| St7F ZASIRAOLE 20| SEx{2} OFEl 2o = Aot He
Al

FP
* FN

F1384F1-Score)= FUE(Precision)2} AA-E(Recall)Q] Zs}HHF0o =2 A
AtElE A8, Bt HloEAlolA RHlo] 45 76k o f-83lth &
3], F1gee U=t AldES 5 L3fsp] dieo] Reo] 24 52 7t
She= ol F-85Ht A B = (Precision) 2t A AE(Recall)2 o-§7F F1&4 =t
¥} 2ol A ojH.

=

F18=(F1-Score) = 2 - Precision - Recall / Precision+Recall
TP MU= Precision= TP/TP+FP
X{$41&: Recall= TP/TP+FN

=N ==Y Q. 2022. pp.72-73

F7H 0 = ARG ROC FAlZ HHlO| 557 Ad 5= A 0 & B7tske T A
|5= $83 T+tolth ROC F42 57 2E9] Y7 = (Sensitivity)2t 1-5
O] =(Specificity) Ato]2] TAE HEIHH, o]& &of ZE9| 5= I ¢
Al#k(threshold)oll A B7Fet &= Tt

ROC Al A& AJtt A g 2 ks 1 o] 50| o] 951, tfzk4lo]
TS /g5l A gl sAE k. ROC 34 oFf <l AUC (Area
Under the Curve) g ROC 34 o 9] H&-& Y, o] gro] 10]] 717h&
42 »d9o] o] 2451 Japkowicz 2006, pp.7-9). ROC A4S thofst
ARG 9] J52 B71et 4= 9lom, 55| B HH9] 52 2T
UAGE Agoke dl =3 & 5 Qo] BE 7H9] A5 vl 2 mEo] A
Blo ROC AT} AUC gto] f-85tA &8&2 4= SItkBradley 1997,
p.1150).
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Ej HEE0| AX[6t X|HQ| HX|Q| H5F O O
AT HAZZ0| QJX[5H X|RO| HAS o)

W{=TISYNES 5A7|_ar(7u})° E5} X9l & 0O

IR R2EE(Q| 22| 20| QI3 X BtEiTLe) 71a| O

i 7*’“%0| X[t XIHe| D=k ©)

TEXO| nﬂau&(»kom) HES X|Xe 1yt @)

229 =0| /XI5t = RS @)

YR T(4R%) ¢%°~tg oz A=zt o
AN 71H18kS 7|18t 22 (MaxEnt)S Soll =5 7158 E S50/ DA O



SEURR] FA syt SHHs F s S A5 S0 dis

Ae ol 75 Al 2ARE AEE 2 28Il &7 R TELS

Hol|A Aot BEAS JE F 27 JEE ol8slo] A5E I 4F
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0O SN G(Es U2 X E) LHO0H M8 27k

FEGUS 5 54 UG AR THE 371 B

= o}, B W A ex= 7] Alsks 7Rk £

71AIES B3 0 2= MaxEnt (Maximum Entropy Model)&
8 Ao ARSE S5 E ASE0] SsiRT FEeH, =HRS

L1572 PR B SYRAL AYAT 1ES 56 25102 Ayt
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mendDataYn=Y. 2023.06.20. <
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1 20:.01| oligfots XHo| BH Hig

9] 2013

-zl
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AZE S5 P23 E49E 93t g8d P2 & TabNetClassifiers A5t

. A HolE 9] M 5 7MY S 83 b ES AR Shgslo] Adlstu g &
245t glolE ol A ke o] m|eh WEl v oA S Ahs- 0 & Shsotal E-85te] &
2 36 HRIth TabNetClassifiers= H2]'d 22l TabNet= ARE-SIo] -5
(classification) ZAIE SHEshs H] AMGE= RA 2, £3] 3 F419] HlolH(H
@ dlol8)ol E3t=o] 3lom 2F5-0 2 £ SR =L Jlefsto] Hlo|HE o

HoML EAY o Qe Blo|tho.

O UHAGI0JE Hx2]

Distance”} 55 Z3FolA Y TIgFEE0] 999991 o5& A1As}1l & 27,438
7l glo|E & AREsto] 5ottt 4, | E4 5 FA3HE
2 AAsI F 23719 EAES AREoIict Y-8 TG o2 Q5| EXJ o] =7}

Lot A3H R 1137) 540l S0 AHgHSIch

Hx2| EX(HM)Y TH==
e, B, HX|HA, HEHN, AHY, 1HE, 88 4t
. . HE AHN | BHE, HEF0|, K4S, X615, 712
Min-max scaling | ;| _ A OTIA =ia o - 20
+, &, ML, NGl olO2REHO A, 5=
A U3t DEX0], NYSE, BRI E(ARE)
One-hot
. AR | X, FEE 3
encoding

AEE 3 923 B4 2 S5A1717] 98l pytorch_tabnet 2to] B2
9] TabNetClassifiers &-85to] B4 HdZ &I}, ShgH|olEle} HA
Ero]ElE 9:19] H[EE Uro] SR5-E X188ttt msfjl o] EL7t 200~300
T w|gk Alolof] HEE|o] Qlou s ShGA| SMOTE332E 4850 B3
EAIE SShAIFT

30) DreamQuark. https://github.com/dreamquark-ai/tabnet. 2023.06.20. F<&

31) SMOTE (Synthetic Minority Over-sampling Technique) : 25 EAA &5 &

A N2 TYok= SN HES 52 ZH9 d5 T
32) Maklin, Cory.. 2022. https://medium.com/@corymaklin/synthetic-minority-
over-sampling-technique-smote-7d419696b88c. 2023.06.20. J<
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S5 29| o= HS(validation) Hlo]Elo] thet A= B7lsl3i.
10-fold CV (cross validation)= &l A& =& =73}t K-fold CV= o]
HE K9 E=(fold)Z Wi, K-1719] EE5 E:(train) HO|H =, YHA|
1719] EEE AS(valid) NIER ANESHo] 55 BRI o] ¥ga KH 1t
EFo 24 tlolE7} &S ol = A= & Q= A AES €& U,

or

0 S499 YaE 5}
AR Sk A} S A EH, W A7k 0. 2% vlolEo] Tigt B
shol o), A4 YSES BAISIGI) 2OV 3)AhE HEEE Belgt 4 gk

© (73 1D Hsi 71% 1009 SR ol F 1170 SWAR ShE2
AeYstAom, 10-fold CV A, Bt = 77.84%EFd 79.23%,
F| 4 76.24%)F e

The 10-f

0
Min: I

o (F9 2) oY 7|= 2009HE THRIE Yol F o7l AR SHES
Yot 0™, 10-fold CV 2T}, Bt A+ 81.35%(FHH 82.58%,
A 80.47%) = EFITH

o (8 3) FolY 71 3009HE T2 Yol F 4 SHAR T3S
Z8gotd o, 10-fold CV 23}, Bt FE = 84.66%EF X 85.53%,
A 83.60%) = UERATY

33) Scikit-learn. https://scikit-learn.org/stable/modules/cross_validation.html.
2023.06.20. &
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Building fires and floods are threats to public safety, and they are projected to
worsen due to climate change. Building fires and floods are the most costly of all
disasters and accidents that damage buildings and are a major threat to public
safety. In particular, the fire at the Coupang distribution center in Icheon in 2021
and the flooding of the Gangnam Station area and the deaths of residents in the
semiunderground dwellings in the summer of 2022 have raised the public's

demand for secure buildings that are safe from fire and flood.

Analyzing building fire and flood risk is important to ensure building safety.
Building characteristics and location influence the extent of damage during a fire
or flood event, and insights obtained from them can be used to analyze the
building's fire and flood risk. For example, buildings with a large floor area are
relatively more prone to fire, and buildings located in low—lying areas are more
likely to suffer flood damage. Researchers have been analyzing fire and flood risk
in buildings based on the characteristics of the disasters damaging buildings, and
the latest technological advancement is a turning point for this research.

The accuracy of risk analysis is improving with the development of the Fourth
Industrial Revolution technologies such as machine learning, deep learning, IoT,
and ICT. Machine learning algorithms such as decision trees, random forests,
and support vector machines have improved risk analysis, and deep learning
technologies such as the RNN (recurrent neural network), LSTM (long
short—term memory), and CNN (convolutional neural network) have
dramatically increased analysis accuracy. Advancements in IoT and ICT have
contributed to obtaining data for analysis and are leading to problem solving
using big data.

To respond to building fire and flood damage, it is necessary to identify buildings
at high risk of fire and flood. It is also necessary to determine the factors that
contribute to elevated risk and to practice building safety management with a
particular focus on them. Building inspections are already required under the
Building Management Act, the Act on the Installation and Management of
Firefighting Systems, and the Special Act on the Safety and Maintenance of
Facilities. The results of this study will contribute to developing a more
reasonable framework for regular building inspections.



Case studies
of fire and
flood risk

analysis
studies and
models

Against this backdrop, this study has four main objectives: 1) develop a
building—level flood and fire risk analysis model, 2) demonstrate data linkage
methods and establish a foundation for future data linkage, 3) identify buildings
that require flood and fire preparedness and verify the accuracy of the model,
and 4) propose a building management plan to improve building fire and flood

safety.

To achieve these objectives, a four—step research process was established. 1) We
surveyed fire and flood risk studies and analysis models to define the building fire
and flood risks to be addressed in this study and derived the variables to be used
in the analysis. 2) We developed and validated building fire and flood risk
analysis models, respectively. Machine learning (deep learning) algorithms were
applied to the models, which involved the process of collecting, refining, and
linking analyzed data. 3) We applied the building fire and flood risk analysis
models to Gwanak District and put them together to analyze building fire and
flood risk. 4) Based on the overall findings of the study, we drew policy
implications, identified limitations of the study, and proposed future research

tasks.
Develop and
validate Apply Policy
Define risks Collect, o building fire o
. ) . building fire L implications,
and derive refine, link and flood | Implications o
. and flood . . limitations,
variables analyzed data| . . risk analysis
risk analysis future tasks
models
models

To analyze building fire and flood risks, we surveyed and analyzed previous
studies and analytical models on fire and flood risk analysis. In general, risk
analysis is based on the probability of occurrence and functions of damage. We
found that the most common way of analyzing the final risk is to calculate the
value of the damage. This suggests that while previous studies focused on the
occurrence of fires and floods, risk analysis in practice aims to estimate the value

of the damage to understand the actual damage better.



Studies of fire prediction models have been primarily based on statistical
methodologies. They allow for analyzing the intensity and value of damage but
are considered to have challenges in predicting the occurrence of fire itself. This
is because a fire seldom starts spontaneously and is often caused by human error
or arson; hence, environmental characteristics and location have a huge impact
on fire occurrence. Risk analysis studies use a statistical fire occurrence model
and combine it with a function of damage to estimate risks. The risk analysis of
buildings seems to follow a similar methodology, which applies to both area—
and building—level analyses.

Flood-related studies and analytical models are primarily based on
mathematical and hydrological models to predict the probability and intensity of
floods. SWMM and SWAT are some of the most commonly used models, which
are widely applied to develop local flood countermeasures. Flood analysis
models simulate the occurrence of floods in various situations in consideration of
changes in precipitation and terrain characteristics, enabling the prediction of the
probability and intensity of floods. In addition, models have been developed to
perform risk analysis of flood events by combining them with functions of
damage to estimate the value of damage. Hazus—MH, HEC-FIA, etc., are used
as typical damage—based flood risk analysis models.

architecture, urban environmental characteristics,
social environmental characteristics, topography,

High-risk buildings
drainage, land use and land cover, soils, climate 9 9

(high damage value)

Based on the previous studies and model analysis, we established the framework
of the building fire and flood risk analysis models. We designed both fire and
flood risk analysis models to estimate the value of damage and categorize

buildings into low-risk buildings with low damage value and high-risk



buildings with high damage value. For the probability of occurrence and
functions of damage, we used a machine learning (deep learning) algorithm
based on statistical models. In addition, we selected the variables for fire and
flood risk analysis based on the findings from previous studies and model
analysis.

Risk Input Variables

Variables related to urban environmental characteristics, variables
Fire related to social environmental characteristics, weather characteristics,
and architecture

Topography-related variables, drainage-related variables, land use and
Flood | land cover-related variables, Saturn—related variables, weather-related
variables, and building-related variables.

The development of the building fire and flood risk analysis models was divided
into 1) data construction and 2) model development and validation phases. 1)
The data linkage process involved linking building fire and flood damage
occurrence and damage cost data with building register data, and producing and
linking additional independent variables. 2) The model development and
validation process involved selecting an algorithm for the learning of the
analyzed dataset, training the models based on the selected algorithm, and
validating and testing the models through a feedback process. The building fire

and flood risk analysis models were developed independently.

To develop the building fire risk analysis model, we used a total of 28,266 cases
of building fire damage data in Seoul from 2017 to 2021. Buildings with more
than KRW 200,000 worth of damage were classified as high—risk buildings, and
those with less than KRW 200,000 were classified as low—risk buildings. We
applied various machine learning algorithms including the random forest,
logistic regression, LightGBM, and XGBoost, and we selected the random forest
that showed the highest accuracy.



Link building fire and Produce input Select a machine learning Validate and test the

flood damage variables for analysis (deep learning) algorithm | models and develop the
occurrence data with and link with the and conduct the leaning of | final risk analysis models
building register data building register the database through feedback

The key influencing factors of the building fire risk analysis included road
connectivity, estimated population, temperature, road width, number of
residential buildings, and number of commercial buildings. The final accuracy of
the building fire risk analysis model was 78%. The F1 score was 0.75, and the
AUC value, which represents the area under the ROC curve, was 0.89, indicating
a quality risk analysis model.

Road Connectivity 1
Estimated Population
Temperature -

Road width

Number of residential units -
Number of commercial buildings
Humidity

Age |

Floor area ratio

Floors Above Ground -
Number of basement floors
Number of elevators -

Wind speed

Number of emergency elevators

To develop the building flood risk analysis model, we used a total of 27,438 cases
of building flood damage data in Seoul from 2016 to 2022. Buildings with more
than KRW 3,000,000 worth of damage were classified as high—risk buildings,
and those with less than KRW 3,000,000 were classified as low—risk buildings.
For the building flood risk analysis model, we used the TabNet classifier. The key
influencing factors of the building flood risk analysis included the use and
structure of buildings, height, and floor—area ratio of buildings. The final
accuracy of the building flood risk analysis model was very high at 88%.



Residential_Single Family

Elevation

Structure_Other Concrete Structure
Primary Use_Correctional and Military
Facilities

Structure_Brick Structure

Main use_Training facilities

Main use_Automobile related facilities _

Main use_Medical facilities
General_Education & Research Facilities _

Main Use_Convenience Facility

Floor Area Ratio _
Main Use_Business Facilities -

Importance of variables of the flood risk analysis model

4. Application of the building fire and flood risk

analysis models

We applied the building fire and flood risk analysis models to Gwanak District,
Seoul. To develop the model, we used buildings that had already experienced fire
or flood damage, and we applied the developed models to all buildings in
Gwanak District to analyze their fire and flood risks. There are a total of 32,079
buildings in Gwanak District, and we developed input variables for the analysis
and linked the data with all building points.

[Map of buildings with high fire risk] [Map of buildings with high flood risk]
red: high risk of fire blue: high risk of flood

Maps of building flood and fire risk (results of individual analyses)

Feeding the data into the models resulted in building fire and flood risk maps.
The analysis showed that there are 8,405 buildings (~31%) at high risk of fire
damage, and 446 buildings (~1.5%) at high risk of flood damage.
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Yellow: low risk of fire and flood, asterisk: high risk of fire and flood,
red: high risk of fire, blue: high risk of flood

Map of building flood and fire risk (results of integrated analysis)

To obtain comprehensive insight into building fire and flood risk, we
superimposed the individual predictions to derive four types of buildings
depending on their fire and flood risk levels. Of the 32,079 buildings in Gwanak
District, 23,276 buildings were identified at low fire risk and low flood risk,
8,357 buildings at high fire risk, 398 buildings at high flood risk, and 48 buildings
at high fire risk and high flood risk.

Categorization of building fire and flood risk

Low risk of fire High risk of fire
. 23,276 buildings 8,357 buildings
Low risk of flood (72.56%) (26.05%)
L 398 buildings 48 buildings
High risk of flood (1.24%) (0.15%)

5. Conclusions

This study has four policy implications. First, we revealed the need to take
advantage of the Fourth Industrial Revolution technologies to respond to
disasters and accidents that affect buildings. Using these technologies, for
example, machine learning, deep learning, and big data, enables one to analyze
fire and flood risk in buildings and ensure higher accuracy than the existing
methods. It is believed that embracing these technologies and actively using them
will help protect buildings from disasters and accidents.



Second, we proposed measures to reduce building fire and flood risk. Based on
the development of the building fire and flood risk analysis models we developed,
we found factors that lead to increased risk. For building fire risk, key factors
include road connectivity, estimated population, temperature, road width, and
number of residential buildings, and for building flood risk, key factors include
use and structure of buildings, height, and floor—area ratio. It is expected that
improving building management policies with a focus on these factors will help

reduce the damage caused by fire and flood.

Third, we proposed the need for integrated disaster response at the building level.
Fire and flood are disasters that cause buildings to suffer the most severe damage.
To respond to these issues, the existing models and studies have performed risk
analysis for individual disasters and hazards. However, in this study, we
developed models that enable an integrated response to both fire and flood.
While fires and floods may have totally different causes and require totally
different responses, it may be more efficient to view them together in terms of
identifying response priorities at the building level. Successful building disaster
and accident prevention requires developing an integrated building safety

system.

Fourth, we identified the need for institutional improvement to prioritize the
management of buildings prone to disasters and accidents. We found that
smaller buildings are more prone to fire and flood risk compared to larger
buildings that are subject to statutory inspections under relevant laws. In other
words, the law does not provide for inspections for buildings that are prone to
fire and flood; hence, there is a need to improve the system. Currently, Article 15
of the Building Management Act (Inspection of Small and Old Buildings)
stipulates the inspection of small and old buildings, but considerations should be
given to tightening the regulation. In addition, further research is warranted to
utilize public data better and apply new algorithms to improve the accuracy of
risk analysis and expand the scope to disasters and accidents other than fire and

flood.

Big—-Data, Building Fire risk, Building Flood risk, Machine Learning, Deep
Learning
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