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ABSTRACT

This paper describes the development trends and service provision examples of disaster occurrence and
spread prediction technology for various disasters such as tsunamis, floods, and fires. In terms of fires,
we introduce the WIFIRE system, which predicts the spread of large forest fires in the United States, and
the Metro21: Smart Cities Institute project, which predicts the risk of building fires. This paper describes
the development trends in tsunami prediction technology in the United States and Japan using artificial
intelligence (Al) to predict the occurrence and size of tsunamis that cause great damage to coastal cities
in Japan, Indonesia, and the United States. In addition, it introduces the NOAA big data platform built for
natural disaster prediction, considering that the use of big data is very important for Al-based disaster
prediction. In addition, Google's flood forecasting system, domestic and overseas earthquake early warning

system development, and service delivery cases will be introduced.

KEYWORDS M\t0l|=, AFS|XH G RFRARH L, SERHOYS, AALHD|0|=

. A& A weiE TYAIZIH, AA ojtjolA ofF
Al EATA| sl o fr= HollA AlEel

Adolst =wlo] A - Al - Akt =7kl 3 Al B E ololl fElutellAs A 3
© Ao2 AofE, HE, e Ve, TaTEH, S 2]l A

CAE S Y S A2 A 5 HelE A% MAAE ASsaL o)9] HEE Sl

A, &Y, FE, SARL P s A 7le g =S 7]E0)al .

o AJEANGoR TRETHI], oldd At AW B3], Adow gt WsjE Solk §] ICTE @

-

* DOI: https://doi.org/10.22648/ETRI. 2020.].350108
R e PR SR VIR A Adae] wEE 2EE Ay 71E AT e AH A (@AM S 20DRMS-B146326
“03)el ofof b= ik

2 HE2e 232 M4RY
44

EARAEAA o] G A+ BT A 2 whe} o] 8 F FUh ©2020 S=HASHATH

332



BrAY o / OIS 7I& L ” MH|A KIS S 81

A 22 918t clolst 23 28
- ALro] WA - SHAF- W3 05
- AL o3 Hio] HZ

Ofoh
HC

- FHLHOHY| 915 S 3 -
- LR Y H| S - B
« ALt CHH]| 71 @ SAICHEH|

R e
-mﬂs?mi
. AfLEglol By alc -||0|E-| Be

whgs sl

2
Lk
2 o
e
- 1
L
2
ral
e

201 XHe MFET|of| 2 xHCkEE|

L FHo2 AR B ikt A &=, din], oS
ol H;L_cq A Mz=7)0 Az 243k 2 Q= o}

FSHICT 7]48 A&8 0 2 fdkstar 9o},
oﬂh gjElold 9 5 Als 71ee] WA Wils)

HA, A e A8kl Bt Aot Aido]S

¢

< FRetel AAKoR e Bt zH A
oy ul SEo 2 ol wlshe Hzetskia a}
= e Holal ook 1 X‘L) °l°ﬂ
oAM= o] AlYE &40

5% ICT 7] 7 5 APEA ]S Al ARl o
sto] avpgict,

Il KOS 012 ST
1. ¢h= it o F

e zUolg vlEeh ujat Y A2 Hxst
71%.9} 7}t vl o] oJgko g g Ao
Shal 11 e 7t 2eE AR Q)
gk a7} whesict, 2018 119 Z2] ool A

S EReE sl WA 1= 37 U A

P Aoz dHA U, 1l
o= ol 22 tE 2=z IRk oI H A
AbIslE E017] flste] Abke A B A% s

7ol =S 71&olal qltt,

A]ofjo] . -1 7 FEJAIE](SDSC: San Diego
Supercomputer Center), ZH2|3ZZ U o}tfjglul A T]ojjo]
TAH A(UC San Diego)2t B AA74(Qualcomm
Institute) 50| Ztols}al S{,l‘; WIFIRE(https: //wi—
fire ucsd, edu/)[2] ol A= AHE F412) Aol S
o HEYEPS 9% Eﬂolﬂ SR 2P 7)s
& g}, 2ol vlvlolH et e AT 71
& Zgoto] mhE S8 A 7o) e I
of thate] oS REHS sAstaL, AARE I
5 9 A A AYE 2 45 7Sl she
FireMap S22 132 7jukaiact

A S ARE dzal] dstel s
(NWS: National Weather Service)2] 7|4 o] & d|o]
B, W7E Al sshe 25 23 Hlo]E, NASAS]
Sl dlolels vise HRA} w4, 7je
715 3% 52 dlolE et el gk Al
= Boto] i S5E = S et |
o] dlo|E & Z-8Rltt.
o AAsh] fisto] o] &5 o A
%i—r"ﬂ/\ﬂ AbEol] dieh 27] dfs- dAke] =
WIFIRE 2035 S-E6HH, Al ofo] il w3
#e) AE|e] WIFIRE Aul7} sh 54 male)
astol sile] B A o3 AES =2
o}, o] At BRERE W) o T A7)
ol Al BAA WoR WY 4 gon, A%
AL 91 Aol 28 4 sik

WIFIRES] 8] St o2 mdle de] o] §
+ oM 2w 22030 FaSies o]-85h=
o= 8+s]37 Qo). ofgt FarSite 2239 7

|
|

2

X

i
noE oo

u

o
ot o

11

mlo

i

o



82 HASLSEEA

% mUYS SaAsHe o 44 B olAko] FX
OFe Alzke] Afwo] AAREOR B SAE AR
2 23 Y BV} 9 o8 el 1
% 2 FaSieZ 0|83 AR St ol oA E B
ol

u]=tof| A= WIFIRE £]o|| %= FireCast, Firebird2}
o o= 9 mUEY A|AEL 285t Q)
o 59| FireCasti= He2ld 719 s 918 <=
NeRlo R, HAdle AZE B SHES oS
°l- ol 2EEAE Ao vlefEu, dAle 3
== fdllISole A8EA e Aes Helnh

2. 45= sl flRdE oIS

S elol A WASHE ARG B AR} o
of B& At 8l & <l g Yol Aol
A SIeIck Sie) g B ol ot

L e wg ofey] theel, 1523 R of
G AAAP7E S LAY SRl mof] WX kel W
o QA7} i e glek

‘Metro21: Smart Cities Institute> 7}|7|HE o]
SH(Carnegie Mellon University) | 4] <=83t 22 A E

2, meAE o] dsko 2 A% o) 913
8 of3olis 29 ATSISl, of 2R
Aﬂ% o3 o 2

ﬂll

Sk ol m% 2009+ 2017&77}%1 Ul%

H=H 10 gl Hlﬂz AE=olA 8 EOJ 2

At S HlolElE &

el ehato] s5S f%‘ﬁh LPUW 67H

Ayt spAjol| tisto] oS A= AIE-E 5t
R .

S A= S S, Teds5E AL

353 M|15 20204 2&

£X Thayjes Srivas et al., “Wildfire Spread Prediction and Assinilation for
FARSITE using Ensemble Kalman Filtering,” The International Conference
on Computational Science (ICCS 2016), June, 2016. [CC BY-NC-ND]

72! 2 WIFIRE AHE & 0fIE X|=

S RICRUPES
2, 3 AEE S A
& 5. 459 gl
3] 5), Z]:ﬂ—(nelghborhood) F(school dis—
trict), 22 ZJAHA], AxfrA}, Al S (rax subcode),
HIEY AR WS 5o RIE estSicH3], H
AE AT} o) E ngl 55%94 A (recall) 7t 14%
O] A= (precision) S Q1 A UTHA4,

I8 32 A5 s feE A5 Ave =

Aol wreh AMEE Aake Fhasste] Mol

=
e

ol ™ A 2
o Ay
1o mno
o\ flio
dn = o
=
jin’s lﬁ_{
oo
>~ 3_1'4
EE w

i=J

Hl——g—l Il

nnnnnnnnnnnnn

2% Madaio, Michael A,

“Predictive Modeling of Building Fire Risk:
Designing and Evaluating Predictive Models of Fire Risk to Prioritize
Property Fire Inspections,” Carnegie Mellon University, 2018. CC-BY-SA
3.01GO

T2 3 ASE S AYE oIS Zat



BiAY 2| / XIS JIE e

o] Bele A m=u| 1 A (Pitsburgh Bureau
of Fire) 2| A]Slel] g-5lol, v AL b4 W 71
= HI°lHE o83t oA Hd=(Risk score)E
7“/\]‘6]-]:]— ESF o] J-LEX-HE_J QIAA FEL
GitHubel| F71=]o] ATHS1.

3. 2L{0|o)=

7. Ol AL{0l0S 7|12

setol A Aot B}k 2k 5 FAT A7} Wl
Ol WS 1 A7 A sk e
AAhe ZersA) Bl ol AT E 2

U] (Tsunami) 2kt Sh}, —’H‘:‘O] 28 Hittoll A A
oz Qsto] 4] em A0 A|F wol WP}
s, 2 ARS 9 d AT g =l
Eol7h 22t v 1A AlUAI7) kS AL, o
AHA7F =9 EFHAR Weke 2go] His
A G ouAE 7= 2] Fej=
sfictoll m=gshA Frf, 20119 39 FUE A7l
O 2 AR 2]l A= 19,0001 oFde] APY
9 AFAPL AR AR

G A} SRR AR S cfEste
AS Bob5a1] o] A1710] WA} ol
ol W o ek e HoFse ol o
T A1710] WAYshE ofo] et B oz
Zefat wrel 2ujole] 3 Az 9 shne] thst
of eZsha, ol Auz WHshe ¥ Felst
Ak

efjsgoF A ubu] AHEAE(PTWC: Pacific Tsunami
Warning Center)+= 1]=2] aj|%Ftl| 7] % (NOAA: Na—

tional Oceanic and Atmospheric Administration)©| -2
ok 5 o) Ae Al Thed S,
sleto] = 2ok 4] oHkEwa) HIZ|Ol| FANE F
3L QU o] AEAIE = nl= ARl FE AL

H MHlA ®IE S 83

ssment and Repo

rting of Tsunamis

DART 4G

ZEX NCTR, https://nctr.pmel.noaa.gov/index.html
Z12! 4 DART 4G System

HI(TWS: Tsunami Warning Center) ZZ 132 ¢
2, gl e A= 25k oE yet

of ZAupu] I JHZS ATl Auku] A A
s Ushe Ads g9staL Sl

2] 55 913k of| 52 NCTR(NOAA Center
for Tsunami Research)of|A] 4343t} NCTR2 %%
o2 Qlgt 2ujule] BUET @ o 2L Sig 2
9 8 AHeR St o WAl 2
Mol Eg BA0R B s mUEHL sto]
DART 4G System2 =13 tH6]. DART(Deep—

ocean Assessment and Reporting of Tsunami) A]Z~]
2 3| A2 vier = (Bottom pressure)= =450

2 o =317] 98] 200040 EQE AT



84 HASLSEEA

o

4 ), 2oz} ug 1 Z-A o:nz 2
3Y517] $Igt B o2 JfEE DART 4G 7)<
201345 E A7) A)RBE e, 7)E /\]/\Eﬂ

of vlsto] IAO] AN, ATES IS H]5to]

o MIvak 2ujulE S 13 e 2 7]

o] HgHglth. DART 4G A28 0)5 o]
A % okt We) el Hasgom dx)s
o] Qiet,

olo} 2 BUEY A2ge FEE A A
o 753t Telshs AL vl 8l Seelq @
ARoz Brbsstct B3] sl A% 24 &
%, A%, 7|e} ole] BAER Iste] ofelr} A
5P7] uhitol] HUE goleuos Aun|g o

=
SR A Yol AL ke el gt
olef we} NCTReA]:

(Short—term Inundation Forecasting for Tsunamis) A|
2Ee g BRI Q). SIFTE A 20}
o] B2 HolElS olgsie] 2] o]F HE
QIok 2} A, mht W e} b S48 wel

2 5 2k31). NCTRE Au}y]
o] MOST(Method of Splitting Tsunami) A=) S el
sh A2 S4olekn w3 glck. MOST wel
2 A|30] WA ko] Gl 7 AL 2o
WA O R HAsto] ule] AkE st dlole)
H]| 0] 2 (Propagation Database) & &-8-5l+=1|, o]z|3t
dlolEl S E-gsto] AA| 22ufu] TAY Al A&3E o

op

Lt 22 ALi0|6% 7|=

Qo T} ARAFE)Q} 7HS R3] YhAY A
AHp AR7F ggHoR f-galal S 2| Yst

as
Lo B8% 4 Q=S 94 L A4 dolgS o

353 M[15 2020 2

Maximum tsunami amplitude
““%& June 2019 Kermadec
ST -

g coeom
NOAA Research Prodiict, not an official forecast
NOAA Center for Tsunami Research

Z£7 NCTR, https:/nctr.pmel.noaa.gov/index.html

J2!15 MOST ol|& RS AKESH MLtn|ollE
[201944 62, #|20tH|Z(Kermadec) MALt|]

T7HEE7]FH(JAXA: Japan Aerospace Explora—
tion Agency)7} >Foh= A AIAIARNQZSS:
Quasi—Zenith Satellite System)©| g%t} 0|9} 7+
o] %41l 914 dlolelst 71ek 714 Huo] Al 7]
o Hgsto] A ABAS ZH) 9 S

IS A4 H o R el oo, ek AU
Aol o TAH 94 AN
Q7SS a1} A SAAEAA Ak s

\I

Algel



BrAY o / OIS 7I& L ” MH|A KIS S 85

ASAIE 714 22uu]o|S Al E“:% H‘:'ePﬁV] H
o A7F AL e A el A 7Y
%1 Tokio Marine & Nichido Risk Consulting COQ} =
H AJ5- e} 2 A EA- ¢4 (National Research
Institute of Earth Science and Disaster Resilience) 2] &
goz g A7 YAl whE 2Auu] Ay
TRt st wago] oAl A|elolAle] 5]
) 9IS ol ehiz Al st ek, ol
71& 2uulo|S Al2dlo] 2] of T2k AJ7H gl
FHdf #olE SHEE d&sh= Aof vlsty o=
RS W 7le= A s S0, o A
A=st sfig A1 diske] A
Z]- ]-LQ_ ]IH 3m o]/\}-‘/] /Vx]%]:l]7].
ol o A ol] Ay 7/4\& A=)
= 550 HolE & = Atk e o] Q)
5 7IRF 2upm]o] S A2 2020E‘°ﬂ =},
A= W A9 71 E0) 2] 8 o =S
TH[S A Zol2tal 85]al Qi

12 x]

4. NOAA BDP

Sl A= =gt
- FastH, olugt =
alix= 714 E 715 dlojge] &H 7} "a=F o]

7 ]?— Hjo]E ﬁ]Q(Chmate Data Initiative) = <=5}
k. 715 glold AR dae] dghe = NOAA
L 20159 4 9 7o) e wgole 2 A

H 1 NOAA Big Data Project %! HIO|E{

27 - AN F| 3 dlofEf

N

e

=
=A

HR|QA U ZYZYAMS KIMZON 2
| ISt Al ZAlradiance) HIOIEE S
o 510, 0] HIOJEE | % 27 ofiES
EL|E1%I6|’_I_1 Oﬂééa" _/'\_ O|EE Xl 3.:.

X, Z2E29| 21X Wyt LUt 7l
P SOl AlE= o= 2k, 342 &
O|Z, L7|8 oAl X EMM Sof A}
sl ufziol YR 74, SlH 22 A
2ol Eoll A BEE 58 diisE, Y £3
o| _|_| |E 0r0|.|_|.|—, zo 7|. HrAH |._ x|04
2 Solhe o B AxSHN 5
AR HoES fig =4 SF2l HiolE
=gt

A

T

|
[

ojn om

0o o el oM
M

HJ

7.|o| AIA|7I—0{| 7|-7]}_,_ [H_I—_|1_E ‘—*MIOﬂé 7_<

=]
e X M7 7|5 2 HlolE RZ
o X7 EPOZEE 3m AIHOIA ARt
Eul SAI_-l [
= ty719] M Glo|Ef
ot SHAL MEr MU D EE S SO B
e X A AR 9 ZHEoM MAE 7|4
= HIOIEL, 'S 2 3HOY Ale To]E] RIZ

EX] https://www.ncdc.noaa.gov/data-access/model-data

12! 6 Hurricane Katrina(August 29, 2005)0]| LHst oS
3D o|a|x]



86 HASLSEEA

ARz 430, B 9 71gsie] 28 et
NOAA H]tflo]g] Z2A E(BDP: Big Data Project)
2 NS

NOAA Big Data Projectr= 14, 571, 714 &
Hlo]dS &3l WY 44 TB oo HloEE 4=
Aol 9z, o] ZRAES Folol A 3ok v

ole] % o8 WSt I 13t ek

1% 62 NOAA Big Data ProjectE 551 A&
He dloly F BES St EX S HlolH
£ Alsshes AHIE Ho=HHT].

EO{N

5. 12(Google) 4015 A|AE

Qe w42 lste] et ol
% W AR SelE ik BAel w2 2019
W19 89 Sl SRR QIE At
105870 o2 Aom HAE, okt ol

= Ao,

T I3t A3l Bl Sistel T2 Q=
= ALY E](CWC: Central Water Commis—
son)9F FESIo] AFAHE TElo] FHE of

3k, o] AHEelA el 716 g ek
@It} Mountain View A7} 914 A =5 o]85t 11
A A=} AATFO 2 7F 95 =43 o]
B8 odlZo] Bt 94 AES Lot
g7t WAslY| 418 A3 AlEe] tiulsjof
oo Ak vl mme T 5 Sl

ForolE w7} Sglol] thk HARE 54 B

PR 4 9 T HolF H4 WS AT

353 M|15 20204 2&

e s e sl 22Ol Qlk vE
UH(Patna) of| A <2 H Qlow, o= A, 2 A=
g temolE EHES ARETIY] SplS AR
of " = k. o] A &FolM B9 A5
2 95%2] AT (Accuracy)$} 90%2] ALE=E H

FATkaL ¥s|ar gloH11],

|

6. L2 X|E =7| BH

HS
S

AT Hiel Zho] XX & Y AA|E ol &

U2o] 19959 arH] thR|Z] o] % ]
i HOM oF 12 el 717t
= A5 7s
| A= Afgt Zlog ?—-IEVJ H} 9l
2h %1 2ol gt & E k= A%
A X HE A&kl 7]

& sk Aol o ﬁivra(ﬂ Aoz

o
2
_g ==
% I j?
e N
£,
).
i S
oo e
;8‘ mﬂ‘, f
o
v
O
ok
Pﬂ
_}L

e
ofi

-

rr
fin)

N
-

o W Coflo Mo = o
w XN
>~ o
T
Dg o= ﬂ,
>

=2
;
_OFL
ki
2
o B
-~ L
L
=
>
X
2
FN

IE

= N
N
P ok

R

N
1o
>,
e
ro,
40
£
>

N

.
o
=

BN
L
oX
X
2

)

AFAE 90% Y o k= 2uE EEEgt v)
ATH12].

u)=9] 7L m]=ER] 2 ZA=H(USGS: United States
Geological Survey)¥} v|=+dHA 2] % (FEMA:
Federal Emergency Management Agency) 5] &€
stof A1 27] A AILFQ] Shake Aleres: 7HE
stoict, o] AlLTE A ol A eke oy
o7 19 8 Foltt, 20199 10855+ A
EuololN FE A8 A AUIAE AT 9)
=4, WEA(Wireless Emergency Alerts) A]28]o|Lt
MyShake 2023 Q12 ool A7 Ak AL

£ AL 2 9k

AR A G52 71e4 ool ekl

a



BrAY o / OIS 7I& L ” MH|A KIS S 87

& olgste] o1l
4 | o= E‘Ei_‘% Ak vk e}, =3 vl
= P =fElnl 35 A7E-2 2018W A AlAIA
130H3 7He) A1 2515 A7 |

°41 RS Afdsglon, o=
3%°1A 6% i otttk
Ay ‘é’ %-*36‘ ATH13).
AA 2z2 A2 27] ARAAE
¢l UEDASS 7H“‘”}°4 AIRPAlOY| A8t v gl
, 200755 2|21 2 Al I, AR AR, A
A AWg = o At o= FSAReE FAd
ohg ot Abohs AR RA | AE Algskal
oAt

Sgufels 20189 1195 E 2|92 59

VP rE= A o*ﬁZL LAY /WV\

O

r2

SFITH 14].

2.
. &

B AL e, ARG b)
5ol by % LS o5

25 319, 3
Z3ja, 1 Auke 2o
A deiEomn Adom AT Hsls Foluxt
e Al /1 2 A AR g s
okct, @ o] Aol A o 4 glizo] wvbel]
g 2 152 oplsh A 4 57k ok, 2

o) 4 Tefsto] AtelSS 913 7148
Wl i}, Hrh TAMOR Al mdg
i Aol Ao] 37

ol HhgataL lrt.

He s B

] okl

F

ClEo] AldelS 719 B FEo] A A
9] SRS Ao 2 Bl 918 .
= o@%ﬂ v} 2ol X}OJ_XH%SBI R

& 719 B7Fsol 7i7he Ao QAET U,
S 554 22 Al W R A0S
Wk 29 BT o5 4 9l
R JeL W] o] HoksiA =
AV ksl ol A%E sk 99 o
AR el S A7RE A8 2
= 2hg3lo] Acto] WAIT 913 P o) 55}
AL AEH) EUH‘)—].T;]- SHATH E3E ARG
O AJAAIOIE T8 7153 o2 ATE @]
SJaAl et o] 984t dlojelzt S

Zo] $4lolet 8 4= iet

o &
filo r
A
+
%0
o
ho
=

l‘lr‘ -{

ALHI|(Tsunami) HICHIOIA LOLF= X|ZIOIL} BHA Zet =
S5t K|zt HiZ o2 Ol 400 TE0| A7 | = BiAk

AL XYHS 2010| M- AR KA 2710 TEHE & 2 Q)
L o2 BIE 54 59 ZEZ So| Xjoixiutnt sij, £1,
=t NEATD S| ABHLOR Ls 4 9le

It RIOISS Rickol W, ekt Tis) S olEsie
Hoz Eg| IHL-I'SLFAI'OHKS EX X|F0| MLto| ExtsH= Al
FakN S Tt Aol 25 Chef

>

ofof |

BDP Big Data Project

CWC Central Water Commission

DART Deep—ocean Assessment and Re—
porting of Tsunami

FEMA Federal Emergency Management
Agency

JAXA Japan Aerospace Exploration Agency

MOST Method of Splitting Tsunami

NCTR NOAA Center for Tsunami Research



88

NOAA

NWS
PTWC
QZSS
SDSC
SIFT

TWS
USGS

go.kr/

ofEigte| 7|2, 7P EMEH, http://www.law.

q

1%

National Oceanic and Atmospheric
Administration

National Weather Service

Pacific Tsunami Warning Center
Quasi—Zenith Satellite System

San Diego Supercomputer Center
Short—term Inundation Forecasting
for Tsunamis

Tsunami Warning Center

United States Geological Survey
Wireless Emergency Alerts

[2]  https://wifire.ucsd.edu/

353 M[15 2020 2€

(3]
(4]

(5]
(6]
(71
(8]
(9]

[10]

[11]

[12]
[13]

[14]

https://www.cmu.edu/metro21/projects/fire-risk-analysis.html
Madaio, Michael A., “Predictive Modeling of Building Fire
Risk: Designing and Evaluating Predictive Models of Fire
Risk to Prioritize Property Fire Inspections,” Carnegie Mellon
University, 2018.
https://github.com/CityofPittsburgh/fire_risk_analysis
https://nctr.pmel.noaa.gov/index.html
https://www.ncdc.noaa.gov/data-access/model-data)
https://www.yna.co.kr/view/AKR20190819071400077
https://news.abs-cbn.com/business/07/10/19/google-ai-
makes-disaster-alerts-more-precise-targeted

Sella Nevol Vova Anisimov et al, “ML for Flood Forecasting
at Scale,” 32nd Conference on Neural Information Processing
Systems (NIPS 2018), December, 2018.

https://news.abs-cbn.com/business/07/10/19/google-ai-
makes-disaster-alerts-more-precise-targeted
http://www.hani.co.kr/arti/science/science_general/766979.html
Phoebe M. R. DeVries et al., “Deep learning of aftershock
patterns following large earthquakes,” Nature, 29 August
2018.

KR 27| 5 O kx|, X|E
7|83 HEALR, 2018.11.28.

FlEgs X|oHe UBiEClr





