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Number of recorded natural disaster events, 1900 (0 2023 beeh iy

The number of global reported natural disaster events in any given year. Note that this largely reflects
increases in data reporting, and should not be used to assess the total number of events.

500

All disasters

All disasters excluding extreme
temperature

All disasters excluding earthquakes

400

300

Flood

Extreme weather
Earthquake

Wet mass movemant
Drought

Wildfire

Extreme temperature
Volcanic activity

Dry mass movement
Fog

Glaclal lake outburst flood

200

100

Data soprce: FM-DIAT CRED / LICHAivATn (2074) iirWorldinData org/natural-tisasters | €C BY

Note; Data Includes disasters recorded up to:April 2024,

T3 1. MA| XFHRHBH 2A4714~(1900~2023)(EM-DAT, CRED/UCLouvain, 2024)

ATl siE Telo] ofuch 21 10997 f-2jvtete] AR+ 7]2& o 1.9T
e, ol A AlA Fato o Lowlol sfidshd nf 10dntth oF 0.2% 71
St FAlolth(=g 71483, 2020) (¥ 2 ®R). 24T £ 4

W
) =
S A% 10% ol 3712 Ao g AgEm oz Q7 o e Bt

7] 57O 718, 24, ST S Aairre] AAL F7, o, 339
AT AR AFE, A AN Fert ASHA izt AL, B
AHoAE F 793.5mm7t 54 F¢ WFlow, vt dga FrFd
1266.2mm2] 63%0l sigct 5 7+ ST L2 As) B =ZeF 7H5o|
e glon thao Apgatet dEAt 5 el e BASHITHIE 3 H¥X)

Vol. 59 No 4.2026.7-8 1 7



WS L Ol B 9 g i e e S B

13.9

13.7

15.5
i A
R 12.2 2
12.5 12
12
11.5
'I'I i B B B & r = Y » B B 5
1912~ 1921~ 1831~ 1941~ 1854~ 18961~ 1971~ 1881~ 1891~ =001~ 20711~
1820 1830 1940 1949 1880 1970 1980 1980 2000 2010 2020
T8l 2. 3t=e| HEF 7|2 ASEM(SE7|A2E, 2020)
_. Im
L MR o | : 2 27| T
. 1 e R 34 2Hgat
sl b 223 200mm
e « HEURATH IR
pttod - ST
A ) e
AT A e 381)
=TI el
FoEswY (46 o) o 2=
elkg, 3R 2) {45 7 ) A
b ERKERIWY « ZBiHafE
5 -we WP SRS

@ aizramzs

L T AT T o ST 3 ST~ ST

1T | -

21 3.2025 TS| X|HE LT WAL A FRESII

2k AR

Al S20j=m3o] A FHAT /1FHstE AT T4AF 2 I S AT FE

p/ -1 1p.c k-3 A 7129 ETRF7|9re] thatd$Fe] Saofuol thet Ko HQ Aol
HFEQA, SR (H, 7]FoYRIZHE) & 202295 E 24231 Al S561
ZYE L2S QT ARIES Zslo] 2024W71A] ST A FQ BRE
% £t AL P, A=A oS MY S, TS st 2 AT Al
71Eg HEsto] o] SLERELY JAEAS A Ystal 2H s} AEstsie
Zolth Al ZolE EHE T5E B3l 719 TR /e Qo] 3t
HAS TIPS AIS L3 AFEHOR, totd BF 9FE wix=e] 4

18 =202



QIZRISS Mt SASDY Y W A
STEHAHE 5704 22370 Aoz ATt 71E 757 AL 57t
kA 6371, A% shd 12712 A5k B]&0] 16.0% %2 W2 HolQth A9 &
Bl FH 22371 A-oll= =71k 9370, A% Fd 130702 A|Hskd H]&o]
58.3%% 7|=thH] ¢ 3,66 S7I8tATHE =7 dT4, 2024). whebA, A&
9 Z|9etA7A] o B o] AR HGo] SfjE o] W gl SR
et oz HYH = a7 At nh(E 1, 18 4 3=R).
B 1 34EEXY SIS S8 271 XIYotA HIS wst
e st Y52 2% Ay st
A 22 22 14 17 75
J|EERRH 27kt 16 18 13 16 63
(202414 0| H) X|etshA 6 4 1 1 12
K|S H| = (%) 27.3% 18.2% 7.1% 5.9% 16.0%
A 67 64 40 52 223
HAE XA 27154 22 27 18 26 93
(2024 o) Nl ¥ 45 37 22 26 130
X|H8HEH|Z (%) 67.2% 57.8% 55.0% 50.0% 58.3%

ts, National 3 + Lol 12])

Before 2023

After 2023
=, National B3 + Lecl 130)

s W1 Wl | AL T
s L A% ¢
B Cpaded mw
# Cene 2N

Vol. 59 No 4.2026.7-8 1 9



I
>

| 7|8k S0l ZRMA

Al E5OBEHAEL T505 AL EF 71 doEuo] A9 A g AR

HSARE 7|Wo g gt} s ALA AXTIeRE 3 9 A=
TEASE 5T, o, 7% © 2 e B A3 BRY, 2HAAE
Ao, ZFHE fl3 £ F9% A wet 108 HRIE F9Ed TS
AAAbstal Qlok. % 4 tlolEHo] A9 Ats = AAIZE o)A E ASA] BAS
ol FATEE A YAl F714 ALs AR HolHe] FAAS FHstal Atk
EF 1 HolgHo|AF &-&3ato] Al 8k Hlo|HH|o|AE FAstal F714 A
FAHYE $sto] satold Y Hole Ede FYAIA Sl 2&3tth Al
T5olE 2o 372 Python 7|HHe] TensorflowE 7|8 gho|Hez|z
At o HAIHY ¢aglE5S LSTM(Long Short-Term Memory) &
7Ito g skl Jlrk LSTME <& AIEB(RNN) 9| 3 $/E, 71 AJf200A
BRI} FE ZeE FfAE 7127 A BAE dsleleE AAE mday

srer | I —
Fadlfies
-

Hy koo |

mubss
- Realms =iy
et . ' mamanf ' mEm
. ' Ry 10 e mns
o PR W R

Dol Ol Gl e s
Conml el SO TN

¥

AlTal ke
==
TLLE A

-

* Riertac e

cFaciH B cang el fioy copiolsns bas diss

H Lo 1ot e i I o

Parod ;5= 1 paeim

mE TRl el anddonce Bl essro e Vel Br il e Bvicanend - Bassd on LSTY

e Bo s Pko-bassd Te Bofloy bR

20 =30

J215 Al 208 TENA BAIE



ABXSS HEH FTLUZDH Y U MY
23 A5 tio] He FRHZALE AAS A AWEE st
FHO FRAZLE AR EXHZLY AR 79 BSAU AR F2
PFE vAlE ¢ B34, Y F99) HA T, YRGS 285k @ Ee
A2, o] Y w3k 29] BEA ol ofof st HvoEE
FEotal FAAMS A9, ASdolE A 5 T3 BE W tolErt
EAstE oMIERRS: FE3to] Shegoll B&3THH 6 %)

55 S

Hi (] L]

A Tanget wates vl siation
A Foferonce waler kvl strion
{J) Feference Banfal Station
__| ‘Walershed {asemgerainfall

4 Target paint

Reference water level
station located upstream
of the target point
Rainfall station that affect
the upstream rumoff of the
target point

Watershed that affect
the upstream runoff of the
target point

AA dolgAl st A3 4 HAE HolgAoz FEALG(IH 7 #2).
StadolBAln S HolHAS shabgolA 285 sad B39 d54d5=
AsHeolEAlo s ASstal AU stetrE 9 st o] HSHolHA loss
ol a7t HEF ghgo] APHth HAE doleAle 3, ASHoleAlt
2ds] Zelwlofokst, HIAE IHg& Sl AAIT o5 5] #elo] 7hssit

Water Surface Elevation (EL.m)

Training

Validation
Ly

Fanfall (o)

e balin

Vol. 59 No 4.2026.7-8 2 1



I Il
A s O I B

s

o 5

2
T

3l A4

S
]
6

SAFEAZE Al

)

7Kg A0 T35S 5 AL

=]
SE=EED

=

[e]

]_

H
Fu

sAEe] aH A7t F43]

[

o B oy B 4H E

oo o= o HH E V't

< M oy o m,# 2 E

Do W T ok BE E ;

szamnes  HHE :

TS5 @ N5 -4

= W nH T <V o i “

am TR Ww =ls 5 I

— mﬁ__ o N °F o gy HE E i T

S 2L W S o m HE B o |

A S 4 HE il

Ao 3 Mo gk HH HE i

N S _ N = B

2-f5:%7  HUEE

dl 1o ﬂN_l] == =

OB o oo oa W et .

el Mﬂ_ mo NoE % mm Mm

= O od oo A2 mE E

X o 9 ko e I

T T S =

%i%idd‘.% > E

EH% W 8o N oL

W ~a 17_AI o ) " o m m

En# .A_l =0 B _z_.a o 4% 2 2

m_ﬂ ioﬂdﬂﬂ%m_v mﬂm

- , B R=gys

s m oM ;oo B 8 m,.m%.

. B o OB R omr o £ BE o

o = B T 2 0 £

G2 X =T x| B Sar

m ol
.m WW%
k- a2
5 T 2
2 2
2 5

[=Je)
Al7]

1

L

E
s 77%°] 7t

03 8. Al S0 EAIAH XS H
G| A

A

Z

o] )4 20234 750l A] 20249 67, 20251 2 O 2 o1 1|s) 7} SA]

Ct. Al
20234 7071041 2024 132710 2 88%

17.67 3 H]
HALOlE). o]t A}

je)
_£

22 sa0m



| AnnualFlood Human Casualties (person)

B Pravious system (~'23) Bl Al Fidod Forecasting Application{'24~)
%

Manual Parameter Adjustment
BasedonPhysical Models

Annuallssued Numberof Flood Bulletin (Total)
(Uit Cotarit)
150 |

132 Increasing
4 128 “il e
88%
¥ Improved nitial
Prediction Accuracy
v strengitieried proactive
ragponse tohazard

14 15 16 b A - i) 20 2 2 B 2 25

¥ Confribtting 16
ensuning publicsatety

Baforel 75 persons (2023) - aferal 6 persans{2024) 1 2 persons (2025)
total over 2years 9% Reduction k
3 st ) AgyEnce of AT Flond Faecssting HODT 2022 2023 2024 2025

32 9. Al S50 2AAH =S SOt mshZ4A 3 o 2ot Szt

2t El|O[E| 72t Alg0fl= 22| otA| 2

S0 Mgl HOERE 7NHOR st Al B2 AS Hots FEle] Sl

HESE daliAl elSat7] otk AZE Atk ol WA HSAEE FFARE
A8 BAOlA EAE 4 QlE AR B 4 Qlrk Al tlofele] At
2ol w2l =2 e wAls] ol eldeR AgE TReAE
ATh 3, oASH Ztel] tisiAl o 17 A7t UsteAlol thet 4] offithe
AL A 7RI Qs Aol 22 71FHEHE B3l -9 siEo] Hstelal
AE JRe Ashd olH T AL oS AREE HALAIE 890 2
F 71 di2ol olE Aty 217t theFet ol AN E AL glom, Alg E24

Al-22] A BgL dolH dd st 294 HAle tas Ads
Adsto] tlolg] 7[Hke] RYPO HS HAT £ Qe T2 UYor HeEl
At Al-22] A PAL FHlste ST Aol tigt o5& Lutstetal, Hlolel7t
53 HelolA &S AseiH, At @Y A 23E SFetal, B2
A= 2UHOR dHo] 7hed Wi s UEHA 7HEARE HEAE £
Ath= gxo] k. Al-Ee] AA B3 o 2o Ashs 9ls] 7]z eg R o
AT o2 “FeSHAA Fiet 715517 tee % Al-2E] 7Rt
stolBeT g4 Z1E/Y” A7t 202607 E M| 1o, o] dFE
S3A =R QA5 NG Al FASEFY A e thadt 2ol Aed

Vol. 59 No 4.2026.7-8 23



%

<

~,

__OE
o0
ol
o
_z__:

)

tod
2

g

°

]:]_

i
=

Hgﬁ

[e]

=

234

=

=

o]

3F= PINNs(Physics-

)

L

T

2708 A&
t}. PINNs

=

oF
Informed Neural Networks) 2@ o]t} PINNs

Stal o] & QI3 loss #tt HloJElZ QI3t loss &k

)

zZ7A08 A

r

[e)
2]

A

I

)
1y

—_—

o|J

1

PINNs Model
(Physics Informed Neural Networks)
constraints.

Impose physical consistency onthe training
process by utilizing goveming equationsas

121 10. Al-22| 9| 2do| tHEX

dataset

scenarios

Generate a extreme flood scenario using a
physical model and add it to the training

Augmented model for Extreme flood

3o

FeEluEtol A AEEA =

o Sol £QFE Al

ol
olo

X
i

)
0%
-
o
o)

oy
olo

.

_—OL
dr

!
o
_zr-
)
oj
N

304 0] AQE AT Al 7|9t o &2 oF 108& Tho] &5 %o oF 67%2] A7t

<+
il
.”..__HMM
o
ol
N

oo

~
B
ija!

jm
N
<
_z__n

—_—

ooy

™
N
e

X[

i

o

N
)

24 sa0m



041

[ A
tlo rr e

é,
j|\0

% 2l
gt W Al 715t &
ﬂ%ﬂHEPFQ*ﬁEQﬁﬂOl

AlRY

Alstal Q. e RE Al 7| F
A FA7E E 8 A 011:}

Tt A4S

AR71edY] 7%
5 U THRS-2026-25504052)

A<
T AEA

FUZ (
w2
2
O,
ox,
il
il
P
m Frt

R S e
N

2 2T FAURBERY AU E FIEANY]

Gl B 7147 (RaD) ] A19S ot 17 19]

Vol. 59 No 4.2026.7-8 25



EM-DAT, C. R. E. D. UCLouvain (2024). With major processing by Our World in Data."Global
damage costs from natural disasters-EM-DAT"[dataset]. EM-DAT, CRED/UCLouvain,
“Natural disasters[original data]. Retrieved July 3, 2025.

Han River Flood Control Office (2024). Al Flood Forecasting Platform Establishment Report
(Academic Sector).

Han River Flood Control Office Website. https://www.hrfco.go.kr/

Intergovernmental Panel on Climate Change (IPCC) (2022). Sixth Assessment Report.

Ministry of the Interior and Safety. Disaster Yearbook (2014~2025)

National Institute of Environmental Sciences. (2025). Korea Climate Crisis Assessment
Report 2025.

National Institute of Meteorological Sciences. (2020). Korea's 109-Year Climate Change
Analysis Report.

26 saoa



—
Ol M AENX[2] Y=5(seamless) Of| =

U420 =10t 200 H
=
|

<
)

9}

AL & Yol gty B2 HIZE ofde], dAl Wi = W

Zolt}, a¥u=g 7

01 ks

[
=<
[0)
=
4
)
©
=
o
o
>
[%}
0

i, 0y
o o T
o+ B 5
™ %o =
=
S TR g
N
S oj
%0 75l o
B B!
o X
<Jo o

<0 NS
—_ _
< S
i NG
o o}

S5 A5 TR
7

To- N
W
X
X 5 of
M o B
WO o
— ~o
o T X
Tom N
M o My
woo- W

{F e
I b
i TR
S
Wea 2

Tasgq®

fo Mo Bl 3
Air &= oo

o_uﬂm_w_.m._mv

ol

o

1742] &0

L JAPE 5

o
<}
oo
oF

]

ZF-

e Azt
LR

F7HA

o

=
TT

J

H

]

=
T

H|I7F uid

].

o
i

70]__

3,

=

J o]

&
&

)
[ile}
A

i

7t

nh & Q)

]
=

et webA "zt

]

Azl &3

I

o

=

Vol. 59 No 4.2026.7-8 2 7

]

MR

LRI

s

J

£
PAITHE 5= IS (seamless) ol H. 9]

glojE e} 7]
i

1=
L S

o] SofA]

(nowcasting), x4 (NWP),
ndi s o=

83 FR S5} Alof o]
A< (seamless) G EAFo]



Fal, oo} =ul Al FofkollAf Zolt7}

S

ME xRl =9 AFE 27

—_
o

02

loj] 3¢

(0|52

FAI5E, 100kt §-oo] S SA Aol 1

S

olw] Wi H'7}

]
—_
o

o

o
A

F7174219] Al

LS=y)

ol

F 1~2A27

207 ConvLSTM(Shi et al., 2015; Chen et al.,

of th&

2020), TrajGRU(Shi et al., 2017; Franch et al., 2020), U-Net(Ayzel et al., 2020),

57
DGMR (Ravuri et al,, 2021) 233} Z& dgy

el

of

—_

], GraphCast(Lam et al., 2023), NowcastNet(Zhang

5

A7} A& ek 5

2o 5 2d o] oj

2~
M

et al., 2023) 59 EdEo] 7|&

N

104 K

!

|oll 2. (Numerical Weather Prediction) £}

2~
T

to 2 Ashest $7)

9

2 1

AIZE 1~1.54]

el

BLolth (18 1). Seamless o K& o]

t

750
gl

wr

A

aApshs A1 o

28 a0



Z20Z1 S0 ¢ 20N ZETKS| H(seamless) Ol

& A7HEE uet ReHA £3H(blending) 3 #=— nowcasting > NWPZ
o 715 A 0101 A& sty Zad &S Wt Yol A4S FE9F5o =

a4 12 7]’8-%—’?— A& B9 e o] BT Zd 71447 (Deutsche
Wetterdienst, DWD) 2] SINFONY (Seamless INtegrated FOrecastiNg sYstem) 2]
A% Zds 74 A7 dAlolth, SINFONYE 5% uith 7AlE = #olH
4/dE (STEPS-DWD) Z NWP /& (ICON-RUC)=& 0~12A1ZF ] WollA
At % Aol S HJEE ol 19 29 %_:‘01 T 01] £ 9l3) &8&=,

o o912 A,

wn

Some '-reﬁfit:fitiﬂn score < Combined / blended products:
for convective events 3 Threshold-based probabilities (mm/h, dBZ) B

3> :Iwrlj new ENS A < Combined areal ensemble (mmih, dB2)
orecasts up to < Combined cell objects
+ 14 h (RUC) ¥ besoupen it ut i e s e e
ICON-LAM ... improved < Radar based'precip'rl:a;in
Ax =2 km i il \ Nowcasting
adapted model - ™ ... combined products 1) Gridded fields
physics / Nowcasting \ ™ 5 (mm/h, dBZ)
NWP O e 2) Cell objects
< Assimilation of new data® ~ improved .

in KENDA-LETKF:
=* Radar volume scans ﬂ
v,, dBZ, cell objects - >
i-IMETEGSAT VIS /IR L 7
3 Lightning | Current crossover
at1-1.5h!

J21 1, 52 7|4 SINFONYS| EH&(seamless) Z4-0Z 114(Blahak et al., 2025)

[=]

SINFONY7} #lo]e] o] 574-¢-9F 2118 0~12A17F seamless2 AL
20=2t ol % F4ARE B FrolAER AeEo] ST o5 AR gre
sagizo|oly — 9RIL V1M 712 YA B o372 B8 TS Fol} Yok,
=] =

DWDoJ A= SINFONY A8 & 5184 oS0 93 t}E+=d|, SINFONY

=
B4 HAEE #=-NWP-nowcasting

o]
-
AFAE> AERAR o]ofzl: 47714

N
ofol
>
2
T
td
i

N
ofol
N
2
|\

7HIAE S AASEAL Ut

Vol. 59 No 4.2026.7-8 2 9



Deutscher Wetterdienst (DWD) Flood Forecasting Centres (FFCs) Local authorities, flood
Precipitation Information (Flash-) Flood Information & management, emergency
& Warnings Warnings responders

Federal Government German Federal States

3 0 S10t0IcH

T 119 4+ SINFONY 3tgEl Z2AEQ ggto & Jide 10v/E e
7t B4 7] AR A A dARolt) o] AIAEY of & AR TS

3 S A WS- G 7R ARt Hloltl B4 AAE$-(RADOLAN) £ 4
Z271273< #al, Fsls GAE FAIH.(ICON-D2 EPS, 2.2kn-20%1H -3
BANE FHE SEED(mHM, Llkm)ol Jsl 59 (746ki) o] FE2 9
A&t ¥, AHGE(10m) 223 59 R (RIM2D) 2 HeAl- &
¢ A (20218 72 59 of2 (Ahn)F tE) ol A& A

A% 17AZE ARE 1009 W% (202149 78) 238E0] 50%E Jal, 1A A

NR7HA] 5= e o&ste] t-g APAITHS e = AATHNajafi et al,

2

Mo

Al

B

wo

s

-



FE=0l| M ZEX|Q] ¢ (seamless) Ol =

oy
4o
=2
[
B
Ofot
P
=2
HT
re

DALY

) Observations initial conditions

Numerical weather prediction

Impact forecasting

A

Dissemination and
communication

o Daily Technology Spatial Ensemble
Modslichatatenslie updates  readiness level  Resoluion  member
Numerical
weather prediction 1-8 7-9 1-4km 10 - 51
Hydrological forecasting 1-8 7-9 100 m-5km 10-51
Hydrodynamic modeling Not yet 4-6 s Abim _

and impact forecasting

operationalized

|
um

2y #ojcf 2
HEE BEHA|
Fa0EAIAL
29 gt

4. A holistic end-to-end impact-based flood forecasting modelling chain (Najafi et al., 2024)

A 7] S0 R Fol| A= AIE 0|83l 2024 FE] 22371 A&7, A4S E3H3t
E R Ho| gt Al S5 HAIAH 92 A2 g A2 72X o7

Zolt] 57 7ol B Rudz sjo] Beed Bl Atk 1 ol 29
F91 2037 BHERA Fol 31 79 ARl 95l Qo] fo B BEA4
PAZ Q3 AT 5 o) YL A F9FS Agebr] ofeke Aol glof
799 FTRE 24 D BHGel FHol Ut Folr] S AU HASH]
913t = o]ct

AHEE AL BRE 71E LSTM 714te] Yol WENAE ol§59aL, T

Vol. 59 No 4.2026.7-8 3 1



. AHW $HAR BY

L-L E L LR P
amm ol

WEN NOA MDA AREEN LAR ERun

- S i AT

|
!
SN
il

A

TEAHRE) - R (4]

@7 gauE gua

sRia)
0 )

aiafin
“Rea0pa

)L-'\/-;‘-..\“'.__‘\ IJ

?R?E(i!ﬂi

|- B EA) YRR INAEARL]

2l 5, 7| S| X|SEE Al E40|HA A 2 HSHOISA|(2A| )

Dadly Aceurmulated RajnfallHFC OPE} 20240706 e A AR [Tudy Aeramisted) 5004270
— F s
_u"". -
0.0 _.F_..
."- -
uee l
B
y
.o II."
¢
= 1'."' - F
g |
0.0
.
mn a |_ "
v ]
i ~ |
a&n
L2
aa
]
F3 1 "- ..';:| i
™ =i -
e Ay
oy B | T
4 in
e 14E VI6E 1286 130°E 132 e == =
JxX7I0 H1o X () X o [X=)
(a) Bllo|H &Y 2EH b) 20| &4Z RAYAZLL

3 2 S010eH




| & (seamless) Ofl =

Z0IM BRI

S0 2

geo=at

g

] 793t 20249 74

°
=

g 21749 7% 20234 7

9|

o] && AAolth

—ate
4

Ferdafior Frush FHEY L B2 B 222

[T r——ry

AL P L
o) fry, g iy 4 | b e

e | T
[T=r't

=l s

i -
Tt By 13 Sl Sl e

[ RTr——

(2ol 2#=22)

=
=

(b) 2024'A 7€ 202 2:40 of|

(a) 20244 7 20 2:40 of

=al rEasn

=al rEasn

- g B

T : %
S

i -
]

i -
e s T

(2o 2#=22)

=
=

(d) 20239 7& 7¥ 19:10 ofl

(c) 20239 7¢ 7¥ 19:10 il

Lot pspares
4 1.0 e PR DR Y
L s e e B R

ot
i a2
=

vl
[Ty r——

e s
1 10 e PR DT Y
o s s g b |

=al rFasan

—
£

., X
L3

1 ,

- v

% M

I

bl

i

i i

i

i

= E 3
T T

(zlolq 2£Z=?)

=
=

(f) 202044 98 3 1:30 0]l

)

o
T

3

=
=2

(TM 2

=
=

(e) 2020 9& 32 1:30 0fl

Al(2HA|12))

Vol. 59 No 4.2026.7-8 33



T

L

tou, 20200 9 39 Alloll ThaiA

W o T T Mol opf e H A E X

= % £ ! SR Ao W o

FaF ETTREESTEofakggdd
KO ™S X"z S =T

q%mqu__ou ﬂﬁﬂwwmw@_m%?w}%wﬂmmmoa@wwo

w o Au.mm%_qa_z_mﬂﬂwaw#ﬁoﬁ%ﬁo#ﬁ

! kel u 0 o = jul —~ )

g Rl S I S S
B o) ™ J._l.._L-m@ﬁATO‘.ro ,mw.o_._i ) =
RO o T wm  dgsns@ywel
W Ro T T B o )
wJ_M_:Lq__o.,_ ATU,W@EEQL?_ﬂ_wau_Lﬂu_o_aﬂnEo?zoPoW
o o T My T B g e E TR
,;O'D _z__l mmE O_l _Va AT _._.L w W %o W OTW O_H oF o N M N X_.o
i ﬂoﬂ&oﬂﬁiﬂ_ﬁﬂoﬁtﬁﬁc_amﬂu%
LS TEEp T SR wl e s e ME
_onﬁﬁ T X P Haﬂ movrﬁ_ﬁ Ml,m.L]yMH
o oo ok T T B e LW T H
o BB E R L x xog B E T KW
I RER DT x5 o TPT P oW
o X 2 R BT PR T e g ur oF

— Pl B oo W S T i P o
T ook ™ 9 TER DB oG PR g
oy iﬂ%_ﬂW%o_mﬂﬂm%@pﬁowﬁnﬁ%%ﬂ
_— — == ™o —_— —_—
N M%_NML_LﬂﬁcL_LﬁﬂE_/.d@%s
ﬂ.ﬂtdﬂ _X_mvx___.m }wuiﬁlﬂomﬂq_z‘ﬂd;‘._u%
< & om & o T g X NN g W ok g
»LZsE mEmElfaovFe i MIg g s
AT ST M%ML_Z_ﬂo_L%%muﬂWmEHL_L%s
o © M o Pﬁﬁo_sﬁm@ﬂﬂ.{o7,ﬂﬂ%;ﬂ%
JL_Lm_ﬁA Ho_aﬂ@ﬁﬂ]ﬂwﬂﬂ.ﬂo@ﬁrﬂﬂuﬁoﬂ
b R N RS o S B - T SO e I - B
__|OT7A T — .HOF‘IAT = ~o _ O_H )
mre B XX AT g gelo ahETw .
ra T REITHRperlliSaliciE
= o e X % o ooy ke N oo W g ok BT
° T 9 T W) N s =B S A R LR =
T R < T 2w oW M o % T % *
o F ok o° % W B % R "o ok
ol
olo
=
=]

’

=

=

=
-

| d& 719
U THRS-2026-255040523)

Ea-y

5t
MH

7€ Aol AA thuieh 3oz ofofA]

SeUeAY S 4R B B

[e3]

].

At
Asiee)7 e/ A (R&D) 9] A

2t
P
L

34 S10t0IcH



oy
4o
=2
[
B
Ofot
P
=2
HT
rk

FEO| M ZENK| Q] A (seamless) O

Blahak, U. and the Team SINFONY & Friends: Status and perspectives of SINFONY - the
seamless combination of Nowcasting and NWP at DWD, EMS Annual Meeting 2025, Ljubljana,
Slovenia, 7-12 Sep 2025, EMS2025-357, https://doi.org/10.5194/ems2025-357, 2025.

Keller, J. H., Berndt, C., Blahak, U., Bondy, J., Fundel, V., and Schmidt, M.: Tailoring SINFONY
forecasts and other DWD products to flood forecasting applications following a co-design
approach, 11th European Conference on Severe Storms, Bucharest, Romania, 8-12 May
2023, ECSS2023-141, https://doi.org/10.5194/ecss2023-141, 2023.

Najafi, H., Shrestha, P. K., Rakovec, O. et al.: High-resolution impact-based early warning
system for riverine flooding, Nature Communications, 15, 3726, https://doi.org/10.1038/
s41467-024-48065-y, 2024.

Shi, X, Chen, Z., Wang, H., Yeung, D.-Y., Wong, W.-K., and Woo, W.-C.: Convolutional LSTM
network: A machine learning approach for precipitation nowcasting, Advances in Neural
Information Processing Systems, 28, 802-810, 2015.

Chen, L., Cao, Y., Ma, L., and Zhang, J.: A deep learning-based methodology for precipitation
nowcasting with radar, Earth and Space Science, 7(2), e2019EA000812, https://doi.
org/10.1029/2019EA000812, 2020.

Shi, X., Gao, Z., Lausen, L., Wang, H., Yeung, D.-Y., Wong, W.-K., and Woo, W.-C.: Deep
learning for precipitation nowcasting: A benchmark and a new model, Advances in Neural
Information Processing Systems, 30, 5617-5627, 2017.

Franch, G., Maggio, V., Coviello, L., Pendesini, M., Jurman, G., and Furlanello, C.: TAASRAD19,
a high-resolution weather radar reflectivity dataset for precipitation nowcasting, Scientific
Data, 7, 234, https://doi.org/10.1038/s41597-020-00574-8, 2020.

Ayzel, G., Scheffer, T.,, and Heistermann, M.: RainNet v1.0: a convolutional neural network
for radar-based precipitation nowcasting, Geoscientific Model Development, 13(6), 2631~
2644, https://doi.org/10.5194/gmd-13-2631-2020, 2020.

Ravuri, S., Lenc, K., Willson, M., Kangin, D., Lam, R., Mirowski, P., Fitzsimons, M.,
Athanassiadou, M., Kashem, S., Madge, S., Prudden, R., Mandhane, A., Clark, A., Brock,
A., Simonyan, K., Hadsell, R., Robinson, N., Clancy, E., Arribas, A., and Mohamed, S.: Skilful
precipitation nowcasting using deep generative models of radar, Nature, 597(7878), 672~
677, https://doi.org/10.1038/s41586-021-03854-z, 2021,

Zhang, Y., Long, M., Chen, K,, Xing, L., Jin, R, Jordan, M. ., and Wang, J.: Skilful nowcasting
of extreme precipitation with NowcastNet, Nature, 619(7970), 526-532, https://doi.
org/10.1038/s41586-023-06184-4, 2023.

Lam, R., Sanchez-Gonzalez, A., Willson, M., Wirnsberger, P, Fortunato, M., Alet, F,, Ravuri, S.,
Ewalds, T., Eaton-Rosen, Z., Hu, W., Merose, A, Hoyer, S., Holland, G,, Vinyals, O., Stott, J., Pritzel,
A., Mohamed, S., and Battaglia, P.: Learning skillful medium-range global weather forecasting,
Science, 382(6677), 1416-1421, https://doi.org/10.1126/science.adi2336, 2023.

Vol. 59 No 4.2026.7-8 3 5



dim
13

| 7 P
L=

oti-EoX| S8 ZLET o[t

oo T
Al 205 7] o0

e 71%uste] dFoz AF5 9 NEs Furt Z7etuA
SxgtTey E40 WA PAT WA W ok Hos A A%
pewonung@kictrek 5O B HI7} Wgle XA WE T MHSIAEA 51 9]
Rt TAR47 BAlO] WS Atz ol At S3
S5} AR Aol M BESHA Z7ioh iiAAY AR
A4+ QI3 B A7l E tht i A4wlshzh A, shd 49] st
oA =AY
axpelorHo RS =Y 13l R U ARl B Holal ltk
omomekreke | OAE B4 o] BIAAWA /12 A FA EE
SA FA9 AEHY B4 PO RE G ol
ol T Qlek. b 919} B4l e A2 Jake Fau]
sz mEol, £ QoS W VIS ASeHs EFAY B4BY
A AAZE et 5, se] B4R 24 A4HRE SA
ook S35k ol 7o 2 348 o] Zahe v|&o] 9 7E T Yk
AT ABAS(ADE TFE Bopolq Z37 2AEHS
ALt A 71eE BLET Yom, F4olZ BoplAx
R #)go) SrelaL ik, B3] AAG ARE et Bl 71ee
it 7399} 2:90] N4 WS FIHOR BAsto] oS HHES
o romaH ek Fol ol 7lefatal gick. Jefut ALY 5 daelE AR
drht AFA Y HolHE AR AA H9Hn
b A3 E4oES IahAE ThF Bl ARt
BEAEE FRY 5 Y= LUE AAZ} AaElolof St

36 =aom



29l 7397}

e =7}

)

15

h Y

A3l Al

=

=

i

il

5

|

Q4o ¥& At

[e}
ojzfof

=
)

=
T

17 ol

°
=

t ojgfzol Atk wetA Bk B

Ly

| .

]_

9

o] Aol

A ojgwoR

2
=

o

o
s gu

¢ ZYUHH 7]

]

S

)

—_
o
&Ko

it
o
Jvmo

A

o

’

ks

st 9]

A

2T AL 719 pollS Tlgo] whEA T

A, CCTV

HH, ol& ¢4
1A,

=

]

L.

8

i
=
Ho]:

LN

]

Qi

st

°

s

st

Hot glolgolrt. t

| #=Aa7}

LIS

=

]

12

] ofof

(o3
=

T

A

AA 7+

141

2|

K

]

T5317] ol

o

2l
o

$4 BLE

k

3

SH-E |

E
o
o=

ol

=

3}

Vol. 59 No 4.2026.7-8 3 7

3l Bk @ 1ol Al

Z) 9} LoRa(Long Range) 7|4t

)

3

A& 23S 5
=



28354 (LPWA) o & A s o] tolH

i

)

"o

]

NG

d

ey ]
AT HEHI
=9 T
—

i)
feT HEHI
=9 A7 e

)

=

TEPRLE LPwa
~3=Kem]
BEE +u%E
(F=2E. 2
=91 2H7] w
oY +H=E
ISEE. g5}

I |\

&4 &&3 v e ARAIRES

3|

=
(s}

=
=

BEE Aol 7VEA ERE 4= Qi
HEH BEA4 AST

.........................................

b4

Z

a2 1 EAES ZLER AA HEE

oA

4 ojued =gps

A Ak
ok
AoT HEHI
=9 27w
-
ITE +Hz8
(Z2E, 8

md
TR
[Tk
T ro
=

ks

i

-
fry
BFET
Ll
0y
Elin
e

Hlojg

BUHHY

SAX| HAT
=4 SUED M2

oH

el
K
3
o
o)
o
el
o0
<0

<

I

—_—

o
<+

o)
TR

Ju
_,AO
—_

]

ol
A

_io

AR EZRH ARt w

=

=

tol o AlZtE Rk Zlo] siAolt) FZol=

A A

Ol=
38 =0



—_
o

B:
ol

!
g stgol S 712 LSTM(Long Short-Term

AAE N

‘I__IE_

S

Q.
(e}

shd o 2 %

o

1o

AAL =}

L

T

il

t ol &

=4
[

As HAT o] A AlA

=

=

3 2

[

o]7] 4l

=

o
= Iz

JI

A
o

=

|

A
o

23

o

™, o]& 7|HtoZ Z|tf 6A1%F

X
et

spol

o

3= °l

2] 7)8F GRM(Grid based Rainfall-runoff Model) &

tlold &7t 942 Frh. & AFolA= olg

15

3
R

I8

i1

ol

FATHE 2). ol2fet A

A5

27

tlolEAl

T
H

st
o]

A Al

o
el
;OE
ar
o
Xfo
)
—_

o

o

]

AlEHE S
oy oz

|

——

Vol. 59 No 4.2026.7-8 3 9

s [ E oA
{ 1% IHEE

o

.
[}

L)

=

=

AEHESOFH

W=xtE A
g7 28 RRASU DAY

re—

3 2. AL 7|H A1 of

}

MENELUS | razanEaas | — | AMENHSNS

ot #A e
%%ilfoiwl 23
AL EA =0l
SHE AR M e
B e Sy pEe AT 2 Ry

=2 DB

WL.RE
CHEF 2L EE
[ HR




o|J

E
o

h S
)

=

L

| .

1217

F

o

stof A5
Aol
Aol A

5

2

o BUEE AAE
Aa R 2EE, o542

st

[¢)
(Dayeuh Kolot HAFRA)

I}, olof

R4
<
R
i
=
| 3
| A
<F
]
<
H

shte] shHoA

o

5

A JHlE a1y
=
=]

=

=

g9l ¢

7vo 7 AlzEch

H| €X|

S5
o

=

1 X}t

o
=x

(Dayeuh Kolot X|&)
Atg2t Al o= A3

=

Al
Ae AE AT AAL 2L

I}

T 1

L.

| Y

gataict
2 %)

]
IZL|AJOF HIAEHIE R

t Dayeuh Kolot A]
|

°
T

Aol 3=

-

1ACHR 9). 4418 AB Al o]

=35
AL7|
A3}

12

HZEARE &3l Dayeuh Kolot 213 Q1+e] =7t Ab LA

Dayeuh Kolot A2 (Kantor Desa Dayeuh Kolot) &

a5oll $1A]
Ax Aoz A

o

E|AEHE H&

—_
1o

—_—
o

o AA

1&0
el
Z I

st Al o

1 A As
ta A%

A5

A
T

40 za0a



River Flood Observations: Configuration of Observations Network: \Web~based System Estimation
Distributed |
Twu & LoRa ‘
LTE Communication Philippines

@ - (Using JSON Protocoks)

luding AT} - Indanasia
. KiCT i
Digttrbu e € (Short-RangsWirslesa Comm.) ¥ Fierl Cloud Server
Fimend € {LongrRarges Wirdess Cormim, )% Serven Lace
= Senyors * Tipping Bucket Rainfall Gauge, - - - = L {4
Radar Water-level Gaugs, te. == Standardization for Systern Construction
Standardization for Station Construction Send refervics matanals from the country server,
Urban Flood Observation Using |.oRa eommunication batwesn distribited o
R and fxedtypes Cloud server provdes data associgtion AP
L] b= T Hmunwmaﬂt?wnehsswwnmmﬁon Managammmﬂﬂtnnlyhfunmhnamn
% — [EiiE] data from distrbuted sensors your country s provided
; _"[" CCTV images and saves the screenin tha event Data Download Function
] = 7 sy |
L3 1] '
= . '.'I > Flood Infarmation Display Parts
o . ] ool e | Rl Sherroos
ﬁ:? ;"— = e Monitoring | = Urban | JOOD -l
¢ : — - Dats Quallty Stafistics
Ubserved Data
N - = Data Quslity Manageiment
S © o m— | o,
A -
- a —— Tinad = Urbih Flasd Forezasting
+ Sansors: Rainfall Gauge, Water-lavel gauge. Forecasting | - River Fioad Forecasting
Water sensor, CCTV, etc, = Statiuns = Rainlall Statiornis
—————— = Management - Water-level Stations [Urban, River)

NFAEE 5 Nt FE7t S7HIEA B4 HS 2gHoln
HE OIS a3 ofele Aldoz Walelal duk Sal sk W BAH47} B4
HFSE WASE A7 oA Sl £NE ApeRoR Belsd 71E WA

Vol. 59 No 4.2026.7-8 4 1



ol

o

Zﬁa
)

o|

—

Nfo
oji
Ha
el
@

AR AT e DESFORA TR ope el BT

2 LSTM B¢ =2:2(0]|

ZHO| L}

A
o

.(2023). &= 28204 1L

ol=2%, 56(12), 981-992.

.
o
=

_?;_I
Kim, S., Lee, S., & Yoon, K. S. (2025). Case Study on Improvement Measures for Increasing

247}

<
ot

= Heis AE AR 9,

Accuracy of Al-Based River Water-Level Prediction Model. Earth, 6(4), 146.

42 saom



