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Urban inundation simulation and forecast lead time analysis using

archived very short-range precipitation forecast data

Cheol Ung Jeong

Department of Civil Engineering, The Graduate School,
Pukyong National University

Abstract

Due to sudden localized heavy rainfall under recent climate conditions,
the risk of urban flooding has been increasing. Urban flooding occurs
rapidly within a few hours, making timely response challenging. To enable
proactive measures, securing advance lead time through urban flood
prediction is critical. The study here utilized archived very short-range
precipitation forecast data from Korea Meteorological Administration as
inputs for an urban flood simulation model. The model simulated flooding
scenarios and analyzed the time required to reach hazardous inundation
depths of 20 cm, 30 cm, and 50 cm, defined in the study here, thereby
estimating lead time. Prediction accuracy was validated by comparing the
precipitation  forecast data  with  observed hourly precipitation
measurements from the Automated Synoptic Observing System.
Simulations employed a 1D-2D coupled hydrodynamic model that utilizes
the TUFLOW module in XP-SWMM developed in prior studies by others to
represent both inland and riverine inundation dynamics. The study area
was the lower basin of the Naengcheon Stream in Pohang,
Gyeongsangbuk-do, which experienced flood damage due to Typhoon
Hinnamnor on September 6, 2022. Results indicated that certain areas
achieved over one hour of lead time prior to reaching the 50 c¢cm hazard
threshold. These findings provide foundational insights for leveraging very
short-range forecast precipitation data in urban flood forecasting systems.
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Deterministic model: KIM (12 km), UM (10 km)

Ensemble model: KIM (32 km/26 members)
UM (32 km/25 members)

Deterministic model: RDAPS (3 km)
LDAPS (1.5 km)

Ensemble model: KIM (3 km/13 members)
UM (2.2 km/13 members)

KLAPS: KIM & UM-based (5 km/10-minute intervals)

I_ Wave: KIM-based (25 km), UM-based (55 km)

Wave: KIM-based (4 km), UM-based (8 km)
Wave(ensemble): UM-based (8 km/24 members)
Storm surge: KIM & UM-based (8 km)

Asian dust and haze: KIM & UM-based (25 km)

Wave: KIM & UM-based (1 km)

Wave:

Storm surge: KIM & UM-based (1 km)

(Korean peninsula)

UM-based (8 km/1-hour interval)

Fig. 2.2. Numerical weather prediction systems operated by the Korea Meteorological Administration.

Park et al. (2025)




Table 2.1. Detailed operational status of GDAPS, RDAPS, LDAPS, and

KLAPS.
Category| Horizontal |Number of Forecast
resolution | operations Purpose Domain
System (model) (Vertical levels)|  [day Tange
KIM-Global (91121;215) 12 days
GDAPS 4 times (00.12UTC) Shgrt—range forecast, Global
10 km /87 hours | Medium-range forecast
UM-Global | = 20 10 cro) (06.18UTC)
120 hours
. 3 km . (00.12UTC) .
RDAPS |KIM-Regional (40 levels) 4 times 179 hours Short-range forecast |East asia
(06.18UTC)
LDAPS| UM-Local Lykm 4 times | 48 hours | Short-range forecast Ko;ean
(70 levels) peninsula
KIM-KLBG ( 405 1(1;2315) 4 times | 36 hours
Background field Korean
z generation for KLAPS |peninsula
UM-KLBG 4 times | 36 hours
(40 levels)
KIM-KLO5 (2251;25) 48 times
KLAPS _
5 km .
UM-KL05 92 levels) 144 times 3D analysis/ Corean
very short-range .
5 km ~ rediction peninsula
KIM-KLFS 48 times | 12 hours p
(40 levels)
UM-KLFS o km 144 times| 12 hours

(40 levels)

Park et al. (2025)
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Table 2.2. Key features of KLAPS.

System

KLAPS (KIM/UM 5 km L40)

Horizontal resolution/
number of grids

5 km x 5 km/235 (East-West) x 283 (North-South)

Vertical levels/
integration interval

40 levels (Top: 50 hPa)/20 seconds

Forecast range/
output interval

12 hours/1 hour, 10 minutes (precipitation)

Initial - boundary
conditions

KIM (NE36)/UM (N128) Global data

Land/sea surface
data

KIM/UM-Global Soil data/GODAPS2 SST and
ocean mixed layer data

Data assimilation

Objective analysis (Barnes), Cloud analysis

Domain center

38° N, 126° E

Map projection

Lambert conformal conic projection
(latitude of true scale: 30° N, 60° N)

Topographic
information

gmted2010_30s + GEBCO 2014_30s (sea surface)

Grid | Horizontal

Arakawa C-grid staggering

system Vertical

Sigma-pressure vertical coordinate

Moist processes

(cumulus parameterization)
KSAS (Korean integrated model simplified
Arakawa-Schubert)

(microphysics) WRF Double Moment 7-Class (WDM?7)

microphysics
Radiation RRTMG
Boundary layer Shin-Hong

Land/earth surface

Noah LSM/Revised MM5 Monin-Obukhov Scheme

Park et al. (2025)
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Issue time| Forecast Time (KST)
(KST) range 11:00 | 12:00 | 13:00 | 14:00 | 15:00 | 16:00 | 17:00 18:00 l 19:00 | 20:00 I 21:00
10:30 6 hours
11:30 % 5 hours +1(H) | + 2(H) | + 3(H) | + 4(H) | + 5(H)
2
=>
12:30 | & |4 hours +1(H) | + 2(H) | + 3(H)
13:30 | 5 |6 hours +1(H) +5(H) | +6(H)
@
2
14:30 g 5 hours + 1(H)
15:30 4 hours M
(@ Oct. 10, 2019
Issue time| Forecast Time (KST)
(KST) range 11:00 | 12:00 | 13:00 | 14:00 | 15:00 | 16:00 | 17:00 18:00 ‘ 19:00 [ 20:00 | 21:00
10:30 6 hours
(]
11:30 * 6 hours
°
Q
=
12:30 | & |6 hours
s
g . N -
L o
13:30 o |6 hours
= i
[0 e Vi
> :
14:30 | O |6 hours ‘
> !
15:30 6 hours +1(H) | +2(H) | #+ 3(H) | + 4(H) | + 5(H) | + 6(H)

(b) Jun. 6, 2021

Fig. 2.3. Extension of the forecast range of the very short-range

forecast.
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2.2 XP-SWMM?¥| 7|8

XP-SWMM-= & 52] XP-SoftwareAtoll Al 7jdte AZEQ o] 2 EPA-
SWMM <7< 7jgto g fo-a7A-3lx2 we} s2x B9 5&d 1
gk 12k s ¥ TUFLOW <xlE 7|gtoe = & e {5
THE T FE B AZESojolth

XP-SWMME] 129 31412 SWMM(storm water management model)
40 AR 7lwko R Pt EPA-SWMMS 19699 -8 7= e} 1971
ol w37 1 5 % (Environmental Protection Agency; EPA)S] A€ o}
#? Metcalf & EddyAlF 53 &7 7dsd AxH F5 9 -5 29
Zgo|tH(Huber and Dickinson, 198%). ald g2 st =& Aa5E
dHol = F99 ot A" W & 2 FE 27t Jhsstt 23
A 42> TUFLOW (two-dimensional unsteady flow)E 7] qlxo=
1= T R Fo] WBM¥ f=WE tistalolA &5 sttt
TUFLOW= A WA24S 71wod 39, Stelling®] #3274 2}

r

o{r

ADI(alternating direction implicit) 71¥ < &85t S|4 S 33},

149 A4 233 AT Gelstths S4o] 2lrhSun et al, 2021).
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2.3 XP-SWMM E &< T4

2.3.1 SWMMe] +A

SWMMS] A3 BEo gk A4 &2 Lee et al.(2010)¢] A
33] SWMM-GE Workshop w4 ¢] 45 &S T3lste] A4 ekttt

SWMM< 571e] A8 E53 57f9] Bx 5507 o|Fozxl 5 %
E Z133 gon 126709 B Zea9s ¥3ste] A THFig. 2.4).

Service Computational
Blocks Blocks
STATISTICS | ) A RUNOFF
BLOCK "y ™ - BLOCK
GRAPH ‘
BLOCK -
B .| TRANSPORT
- d BLOCK
J— EXECUTIVE
BLOCK B " BLOCK
) EXTRAN
) BLOCK
RAIN B
BLOCK B
STORAGE/
;fc';g( - € > TREATMENT
BLOCK

Fig. 2.4. SWMM program configuration.
Huber and Dickinson (1988)
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2 A& A (conta

i=d}
=

I & & (flow)

9]

=

e}

=

=

RUNOFF BLOCK=< w4 499
=2, A A (pipes; links)

(1) RUNOFF BLOCK

H o = Mo oy .zw w« A+ of W o A
o % o W LT ~
v E M oo R S
N W o o T ooy WU dE
T o X o oF Fr ™ oy - T oHME
9 k= U= — i —
o o o ™ Z <
— Qv =n S ull < T < o~
0 [ yajs T A N E £ R
22 ol ) o o < = — =
A ¢ = 4B T K
"o \U )|
R X ET ERNE T
e W Tk <y :
7o oo | Al o = T g W wrt mu J)
T o O W < vy Y
) i ﬂ o) jrvze] o~
5 GE &ﬂa of - m M g m @ﬁ ﬂ of H
* o BT = &/ CHFT
oy Hr o ~ : - — £
s nr = 1 IO ny S o o N5 W
A= of o M o) Z ol ™ ! o @ 2w
w4 oo 2w = - T s
T 0 2 =4 M oF =T
g o o T =2 d g W
S| 7o B =Y) = 15 T et
sl 5 _ S &+ =~ © up
o BK off & i S il
o U % O = T
% ° E O X £z & W S e o 2w o
g @ T4 S B B g L oy . T E 2
s 7 Ik o QN T ez N = W 2 X
3 up ofF T m @[ § . I 9 % o M of Ho O Ho
= H ok =T = E () DTu H O Qo TR o
T L =z S ;v = R B L G-
T ozo . 5 o 2 e
N ] H T O ol Z. - -
o 7R e e ZZuyge oo
a9 TN % Z % oy H S 2w oo G
+~ X iy ‘mvﬁ i
E o b K mRﬂﬂg% MXmﬁcio%
£ . D - - TRy w5 T o
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2.3.2 SWMM¥| =] ujj %7 2

SWMMe] A ujAgAe Kang et al.(2010)¢] &< Wi ste] L3

A 2] (routing equation)2 7 22| w3}
A5WA2 Eq. 2D vbE AAbel o
d3slr}al 7FA4 % Manning 222 A E HAE A 4XH

(nonlinear reservoir) &< AF-&3H0},

dVv dh .
E AE — AsLe Q (21)

Eq. QDA v =2 AA(=A4 « h), tv AZHsec), hio T4 (m), A,+

T WA (m’), i, 2% F5Fm/s), Q= FEFm’/s)olth. A x A
=<2 Eq. (22) A& AR&ste] AtMdY. Eq. 22)€ 55 99s €W &
o2 Hi F5uiol A 2ri 7Hd g Manning 2] o] o},

1
S? (2.2)

Eq. 224 we #9499 F(m), n& Manning® Z=AF, 4, AW A

99 HAAHm/m)el™, d+= Eq. (2.1)3 Eq. 22)%

1‘%

F9 Zeol(m), S
¥ st wgolth
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2.3.3 TUFLOWY T4

TUFLOW T4 2] Al €2 WBN Oceanics(2018)2] #&d W&&
At 71%sttt. TUFLOWS 7] Fx& Fig. 259 2omn, 19
PEASE 7o R 4 dzS AX At EEAEE AEHE HF
S Yehddg ¥ doldE TUFLOWSY FAS d8xs 2 848, §
A R o® vy walaxl skl

(02

TUFLOWS] <8Exs = =248 23 (digital terrain model; DTM),
GIS #olof(ayers), AlAIE AAIZA, Aol Y Foz FAHAHEY. WA,
FAAERHE Aa Jdo AgH 1k FHE ¥3elE P AEH ABE,

A A B e Ate o] He 7R AIARE AT GIS ¥

Az 912, 1249l I ES 2 wrlel, 1349 @ 279 47

=
94 84 99S dAAEE FA@D/ID links), B IE AHE 13
EA] ol&%(land use map)7} EFEG. st AAE AAXALS 7, T
9, A 5 Azl wE mEtE A AAYG 257 JFdch
Y A= AAE AE, W dlelB(map data) T2 =¥ Al
d Ame ARl wEk Wake 9, 7%, 5 T4 el =99 9§

(2) 34 Azl
TUFLOW?®] &4 Azl 2219 5 #A& 98 TUFLOW Classic
TUFLOW HPC(heavily parallelised compute), 1394 Z& 343 93t



ESTRYZ T4 ¥ttt TUFLOW Classic d%S v 50l o834 X
oA AEdty, F2 =AXS 3HH W

st d &&¥th. wd, TUFLOW HPC <1xe] A% tsio] F4AE

A e 2YIAAYZAAE 288, ol F& we WE AAte] Jbe

ut

strh. g, 12k el A Azl ESTRY = 7

7bestth. =8, ESTRY+ TUFLOW Classic %+ HPC%} dAAgto] 1/24}

_23_



DTM

1D Cross- :
Section Data M Topography

(Variety of Sources)

\.

Boundary Time-

. 2D Grid
Series Data J
(Spreadsheet) Location

Simulation ' 1D & 2D

gfﬂgg Boundaries

' ! and Use

(Materials) Map
AN A

‘ 1D Network
Domains

" 2D/1D Links

Check Files GIS Formatted
(GIS & Text Files) Data

Map Data High Quality
(SMS Formatted) Mapping

Time-Series

Data
(Spreadsheet)

Spatial Analyses|
(eg. Flood Damages)

Fig. 2.5. TUFLOW data input and output structure.
WBN Oceanics (2018)
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w74 2l (shallow water equations)

AL A2 o7 Eq (25) ~ Q7))

2.3.4 TUFLOW¢] =] ufj¥}7g 2|
TUFLOW ] A vl

wK

s
el
s

Ry

-

T

(2.5)
(2.6)
(2.7)

2ol Aol e 4, ¢

o

%y

OHv

ox
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8C+8 u+

ot
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o
o
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2.4 TUFLOWY 1/2x¢9 A 7|HE& &8&3 317 AU
A #G 9A S

XP-SWMM-2 TUFLOWS] 1/221¢ 47 7|5& &8sl shdd A
Ao AAZ} 7bEstH Fig 262 st AWAE AAEE RARolth
ST ANAE AAE A WA ARA L BdH AA 9] HS
Zt7 1 Fast =2 st MiEAAE A5, AvAe] A
= 2o w

o,
ot

thoolul, ad A2 WS FgHor dAR

o] % 1xt 9] shHelA WHEd ES AU 22 APz ol A=
4% A (head external source line; Hx line)< 3F (1x)) 3k AW =] (2
AFd)el BA FHe g5kl b RiY Al MR Eo] AUAR o] T
T JEE g} w3k shsgk B2 444 (connection line; CN line) <
FF AGde] Aztow Adste] F5ekal o] Fa 1A sl A
A ] o] AEgk go] A RHSR o]FT T YEF gl
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1D Water Level
Computation Point

1D/2D Link (HX line)
=== 1D/2D Connection (CN line)

2D HX Cell
(Water level from 1D)

Fig. 2.6. Schematic diagram of the connection between a river and the

protected lowland.

_27_




2.5 TUFLOW 2a9 A(cel)9 9 AR I A AL HolH

= Uy

"

N
[@!

TUFLOW®] 279 A(celDoll &= vl 7kA a4 (Zpt)e] Ao
= Aol T4, ZUx Ao X WeF 59 T, Zve A9 Y BE 54
T, ZH= Aol A sfd3th(Fig. 2.7). o] 5 A T4 ZCol
A 9l (water level)7} A4t ™, ZC2 A RkaLe| Al Wet/Dry Zol&
gt S Vo2 Ao Fa(wet) B AXE(dry) FEHIE A3 o
u}, Wet/Dry Zolo] ®$1+&= 0.0002 m ~ 0.002 mo]™, AF&x}7F A A
& g Utk Ao T4 FHA7F ZCo Aukaret Wet/Dry ZolE U@

A Han Al T4 ZCol A

Gl 209 Awa

u Velocity

Water level
calculation point

Fig. 2.7. Location of Zpts and computation points.
WBN Oceanics (2018)
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TUFLOWS] 49 AlAIE dolEH i PO(plot output)E F3 A4 ).
PO 24419 &9 A= 2o A8 ol Read GIS PO WHolZ Ao
ofF gttt o] & 93] POS =9 AXE AYst= H(point), A(line), &2}

2l (polyline), %44 (region) 5= X&3sF= sl o]l GIS #HoloE AA
slo] alsty =9 dolE: Ho ZH1E =3 A AA}(Fig 2.8).

+ ey |

SMS water level
4 F < | X

Water level
points used for
calculating SMS Digitised point
water levels with H_ attribute

Water level
point used for
PO time series

Fig. 2.8. Interpretation of PO objects and SMS output.
WBN Oceanics (2018)
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Table 3.1. ASOS stations selected for the study.

No.

Station

Region | Number

Latitude

Longitude

Address

Seoul

108

37.57142

126.96580

Seoul Meteorological Observatory,
52 Songwol-gil, Jongno-gu, Seoul

Busan

159

35.10468

129.03203

Busan Meteorological Observatory,
5-11 Bokbyeongsan-gil 32beon-gil,
Jung-gu, Busan

Incheon

112

37.47772

126.62490

Incheon Meteorological Observatory,
61 Jayugongwonseo-ro, Jung-gu,
Incheon

Daegu

143

35.87797

128.65296

Daegu Meteorological Observatory,
10 Hyodong-ro 2-gil, Dong-gu,
Daegu

Daejeon

133

36.37199

127.37210

Daejeon Meteorological Observatory,
383 Daehak-ro, Yuseong-gu,
Daejeon

Gwangju

156

35.17294

126.89156

Gwangju Meteorological
Observatory,
71 Seoam-daero, Buk-gu, Gwangju

Ulsan

152

35.58237

129.33469

Ulsan Meteorological Observatory,
65-26 Dalbit-ro, Jung-gu, Ulsan

Jeju

184

33.51411

126.52969

Jeju Meteorological Observatory,
32 Mandeok-ro 6-gil, Jeju-si,
Jeju-do

Suwon

119

37.25746

126.98300

Suwon Meteorological Observatory,
276 Gwonseon-ro, Gwonseon-gu,
Suwon-si, Gyeonggi-do

10

Changwon

155

35.17019

128.57282

Changwon Meteorological
Observatory, 172 Gaposunhwan-ro,
Masanhappo-gu, Changwon-si,
Gyeongsangnam-do

11

Pohang

138

36.03201

129.38002

Pohang Meteorological Observatory,
70 Songdo-ro, Nam-gu, Pohang-si,
Gyeongsangbuk-do
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Table 3.2. Very shori-range forecast grids selected for the study.

) Grid point ) .
No. Region X v Latitude | Longitude Address
Gyonam-dong, Jongno-gu,
1 Seoul 60 | 127 | 37.56908 | 126.96410
Seoul
2 | Busn | 97 | 74 | 3510115 | 12003333 | Deccheong-dong, Jung-gu.
Busan
3| Incheon | 54 | 125 | 3747405 | 12663111 | |onencheon-dong, Jung-gu,
Incheon
4| Daegu | 90 |01 | 3587816 | 12864747 | Yomok 1ah-dong, Dong-gu,
Daegu
5 | Daejeon | 66 | 101 | 36.35723 | 127.33904 (ihigon 200-dong,
Yuseong-gu, Daejeon
6 | Gwangiu |59 | 75 | 35.17007 | 126.88475 Unam 2()-dong,
Buk-gu, Gwangju
7 Ulsan 102 | 84 | 35.56739 | 129.33954 | Yaksa-dong, Jung-gu, Ulsan
8 Jeju 53 | 38 | 33.51169 | 126.52819 | lido 1(i)-dong, Jeju-si, Jeju-do
9 | swwon | 60 | 120 | 37.26973 | 126.98810 | ~codun-dong, Gwonseon-gu,
Suwon-si, Gyeonggi-do
Gapo-dong, Masanhappo-gu,
10 | Changwon | 89 | 75 | 35.16957 | 128.57205 Changwon-si,
Gyeongsangnam-do
Songdo-dong, Nam-gu,
Poh . . .
11 ohang | 102 | 94 | 36.02889 | 129.37783 Pohang-si. Gyeongsangbuk~do
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~

A7IA, N& Age F MF, yv B35, g dSqelvh Hd Awd

A= dFga BS7%] AolE dEhE BF AxRE dSghe]l B
B AXT A Hit AR AT 0 #E AW dSg #3554
o7} F4E W AFE o ghol AN LI, ool AwS FH6H]

wFol] 927 F42 1 & 9S ol oA Tl 7HElT).

PBIAS=100x—L (3.3)

A7NM, N& AR F AT, g WER, g1 AFgol AHE AFS
ol Zghel wagtol thal Uwht whol 2k FAREA el AR
oh A= Aol gro] 09wl H Aglolm, FE(ne] gre AW THaw
e dgEeke g40)e) ge AW wHst 99ee drdch Ha

E #Hgke] Hr7} 71 Table. 3.33% #t
Table 3.3. Evaluation criteria for PBIAS.

Performance rating PBIAS (%)
Very good PBIAS <£10
Good +10 < PBIAS <% 15
Satisfactory +15 < PBIAS <+25
Unsatisfactory +25 < PBIAS

Moriasi et al. (2007)
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B Zu7] dnel FE ARE BT ARedt BT AR o,

HAANE A Atxx s &85t JF=s H 7kttt Table 4.190

AAE vkel o], oA BIIZF 0~1AZbl A Hi A= 2181 mmE

mmell o] 2RIt Hyt Al LA gk o HY|F 0~1A] 7o Al 4158 mm

QAE ol w1k 5-GAFIAE 10421 mme E7halH, W@ Aol

%S Rtk ok duze] AN Bl A5 Fu7)

Az g Asel welst AA, eZe ZHEs Astdn dge o
b

Aol Ants Byl a7 297] one] A5 ARE

al.(2007)°ll A Atk HAE AF F7F 759 v ol sfFakdnt. wt

A, A B7IZE 2~3AIE HAE AFS G438 FUheto], o]F K& 9
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Evaluation results of MAE, RMSE and PBIAS by forecast

Table 4.1.

period.
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Fig. 4.1. Scatter plots of very short-range forecast and ASOS

precipitation by forecast period.
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Table 4.2. Observed, forecasted, and average precipitation in Pohang
on Sep. 6, 2022.

Time (hour) Average

Precipitation Type precipitation
20| 0-1 | 12 | 23 | 34 | 45 | 56 | 67 | 7-8 | 89 | (mm)
Otzsnf;‘l’)ed 1630/ 20.70| 24.50 | 36.00|55.30 | 77.00|70.90 |50.80| 6.70 | 050 |  35.87

Olfﬁogdr 1850|3110/ 38.60|42.20|63.90| 67.80 72.60 | 66.90| 3.00 | 130 |
-~y 123:30)(0:30) | (1:30) | (2:30) | (3:30) | (4:30) | (5:30) | (6:30) | (7:30) | (8:30) :
Forecasted (Issue time)

mm | periog:
Period 111,10/ 16.50147.20 |26.10| 22.80| 2430 48.70|66.90 | 13.90| 210 | . oo
(e ey (22:30)(23:30) (0:30) | (1:30) | 2:30) | 3:30) | (4:30) [ 6:30) | (6:30) | (7:30) :

Table 4.3. Evaluation results of MAE and RMSE by forecast period in
Pohang on Sep. 6, 2022

' Average precipitation (mm)
Forec(?lztur;;enod (ratio to ml\gAc];:bs(craIrHvIgd average) RMSE (o)
Observed Forecasted
7.30
0~1 40.59 (90.35%) 8.86
35.87
17.43
1~2 27.96 (48.59%) 23.02
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Fig. 4.2. Scatter plots of very short-range forecast and ASOS
precipitation by forecast period in Pohang on Sep. 6, 2022.
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Fig. 5.1. Schematic diagram of subcatchments and conduits in the

downstream Naengcheon watershed study area.
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Fig. 5.3. Tide level observed at the Pohang tidal station during

Typhoon Hinnamnor on Sep. 6, 2022.
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Sep. 6, 2022 |
CE gk
m il

125, Haebyeong-ro, Nam-gu, Pohang-si,
Underground parking lot entrance

100866104 27450:082022=09=(

125, Haebyeong-ro, Nam-gu, Pohang-si Pohang-si, Surface parking lot

127, Haebyeong-ro, Nam-gu,

Fig. 5.4. Flood inundation in the Woobang Apartment area and

corresponding Point object locations in XP-SWMM.
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middel school
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Nam-gu, Pohang-si Nam-gu, Pohang-si

Fig. 5.5. Flood inundation in the Ocheon Market area and

corresponding Point object locations in XP-SWMM.

_55_




20223 9¢ 69 HIF ddEdx UlF FA o 3A] 418 XA T
Ao A HF7F BAstL AdEA7E 2E = AT (Yonhap News, 2022b).
ol gt AA Mg LA A7IE Este], JA Hg B 717 2022 9

4 64 0AIFH 104 7FA o]t BE& - Aol A= o B 7IZE 24%be] ¢

ARE #AAoE Agse] A5 BAE FUskArh Table 618 7
297 el g AR A5 me] g 89 ANHE e Aol
thoel® Hol, 34 3086l 5 Ak ol Foln F, A5 melo] ALgal

T T AR 0AFE SAZMA SRR S A AR ela 3AFH B4

Table 6.1. Application periods of very short-range forecast precipitation
in inundation simulations.

Very short-range forecast L : .
No. | Issue time Forecast precipitation h11mdahor(1}l(s)1111rr{111}]e]}11:11)0n ey
(hour:min) application period (hour:min) '
1 03:30 03:00 ~ 05:00
2 04:30 04:00 ~ 06:00
3 05:30 05:00 ~ 07:00 ) )
4 | 06:30 06:00 ~ 08:00 00:00 ~ 10-00
5 07:30 07:00 ~ 09:00
6 08:30 08:00 ~ 10:00
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Table 6.2. Very short-range forecast precipitation used in inundation
simulation.

Issuzegn:hort_rg%ee;;repfid 1-hour accumulated Minute-scale
(ow-min) (hourin) precipitation (mm) precipitation (mm/min)
03:30 03:00 ~ 04:00 63.9 1.065
04:00 ~ 05:00 24.3 0.405
04:00 ~ 05:00 67.8 1.130
04:30
05:00 ~ 06:00 48.7 0.812
, 05:00 ~ 06:00 72.6 1.210
05:30 06:00 ~ 07:00 66.9 1.115
06:00 ~ 07:00 66.9 1.115
06:30
07:00 ~ 08:00 13.9 0.232
_ 07:00 ~ 08:00 3.0 0.050
07:30 08:00 ~ 09:00 2.1 0.035
08:00 ~ 09:00 1.3 0.022
08:30
09:00 ~ 10:00 0.7 0.012
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Fig. 6.2. Minute—scale precipitation data input: a combination of

measurements and very short-range forecasts.
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Fig. 6.2. Continued
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(a) Location C

09, 06. 05;41

(b) Location A

Fig. 7.1. Initial stages of inundation at locations A, B, and C simulated

using observed precipitation data.
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Fig. 7.1.
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Naengcheon

(@) Inundatio fom Segyecheon

Fig. 7.2. Initial stages of inundation from Naengcheon simulated using

observed precipitation data.
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(b) Inundation from Naéngcheon

Fig. 7.2. Continued
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Table 7.1. Comparison of inundation depths at point A in inundation

simulations using forecasted and observed precipitation data.

1-hour accumulated

i Inundation depth at point A (m)
pfgg.egj“fagn Comparison | Precipitation (mm) BATE L Absolute
application period | . 0. Observed Forecasted | difference
(hour:min) | POUCMN) | Observed |Forecasted| precipitation | precipitation (m)
applied applied
06:00 70.9 72.60 0.16 0.18 0.02
05:00 ~ 07:00
07:00 50.8 66.90 0.57 0.62 0.05
07:00 50.8 66.90 0.57 0.59 0.02
06:00 ~ 08:00
08:00 6.7 13.90 0.26 0.48 0.22
07:00 ~ 09:00 08:00 6.7 3.00 0.26 0.22 0.04
. . 09:00 0.5 2.10 0.00 0.00 -
09:00 0.5 1.3 0.00 0.00 -
08:00 ~ 10:00
10:00 0 0.7 0.00 0.00 -

Table 7.2. Comparison of inundation depths at point B in inundation

simulations using forecasted and observed precipitation data.

1-hour accumulated

Inundation depth at point B (m)

Farecicnzd Comparison | Precipitation (mm) Absolute
precipitation i difference
application period et Observed Forecasted o
(hour:min) Our: Observed | Forecasted| precipitation | precipitation
applied applied
06:00 70.9 72.60 0.03 0.05 0.02
05:00 ~ 07:00
07:00 50.8 66.90 0.43 0.49 0.06
07:00 50.8 66.90 0.43 0.46 0.03
06:00 ~ 08:00
08:00 6.7 13.90 0.11 0.35 0.24
08:00 6.7 3.00 0.11 0.07 0.04
07:00 ~ 09:00
09:00 0.5 2.10 0.00 0.00 -
09:00 0.5 1.3 0.00 0.00 -
08:00 ~ 10:00
10:00 0 0.7 0.00 0.00 -
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Table 7.3. Comparison of inundation depths at point C in inundation
simulations using forecasted and observed precipitation data.

1-hour accumulated : :
alihac Inundation depth at point C (m)
Forecasted Comparison | Precipitation. (mm) pE &k PO Absolute
e time difference
application period e Observed Forecasted (m
(hour:min) ' Observed |Forecasted| precipitation | precipitation
applied applied
05:00 77 67.80 0.03 0.02 0.01
04:00 ~ 06:00
06:00 70.9 48.70 0.34 0.15 0.19
06:00 70.9 72.60 0.34 0.34 0.00
05:00 ~ 07:00
07:00 50.8 66.90 0.50 0.54 0.04
07:00 50.8 66.90 0.50 0.52 0.02
06:00 ~ 08:00
08:00 6.7 13.90 0.27 0.35 0.08
08:00 6.7 3.00 0.27 0.26 0.01
07:00 ~ 09:00
09:00 0.5 2.10 0.16 0.15 0.01
09:00 0.5 1.3 0.16 0.16 -
08:00 ~ 10:00
10:00 0 0.7 0.6 0.6 -
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Table 7.4. Comparison of inundation area in inundation simulations
using forecasted and observed precipitation data.

Forecasted

1-hour accumulated
precipitation (mm)

Inundation area (m?

SO i Relati
precpiaion. | " dlfcence
application period e Observed Forecasted @
(hour:min) ' Observed | Forecasted | precipitation | precipitation ’
applied applied
05:00 7 67.80 672,525 578,496 14.72
04:00 ~ 06:00
06:00 70.9 48.70 124,8618 781,844 37.38
06:00 70.9 72.60 1,248,618 1,270,766 1.77
05:00 ~ 07:00
07:00 50.8 66.90 1,354,262 1,462,062 7.9
07:00 50.8 66.90 1,354,262 1,437,513 6.15
06:00 ~ 08:00
08:00 6.7 13.90 939, 134 1,121,218 | 19.39
08:00 6.7 3.00 939, 134 913,458 2.73
07:00 ~ 09:00
09:00 0.5 2.10 683,501 677,572 0.87
09:00 0.5 1.3 683,501 684,236 0.11
08:00 ~ 10:00
10:00 0 0.7 586,873 587,167 0.05
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TR E=A AYe] et dojubd AR Bdo] eka|AaL
Hagadol dojA Atgke] 1ol AetA Hrt o9t 22 A7 HFS &
Hetr] flste] A ols Al FAA iy, B HA A AFAS
ZkzF 20 em, 30 cm, 50 cm® AstAoh WA, 44 20 eme] -5, Choi

et al.(2024)o w=w A&F sHrF HFH7] AFes FAoR, A s
o] 71A FiEel &4Fo] AT S 3o 20 cm oSl HF A9 A
AAS AdstAY 39 dart e Aoz E4HAY. I4 30 cm

g th(Nate News, 2025). H=3F BA/MAGR= o} dE Qo] M
Aol 30 ecm olsk(Fobe] ot#)d W, A48 w5 dar st A
A3t At (Nocut News, 2022a). vpREr o 22 241 50 cme] 4§, =9
At T (MOIS, 2025)¢] ‘At dsadd oA 4 Al Ba 7hs
st 9] 7S FE(F 50 em)7MA 2 byl skl

0 cmE R 3 HAeio= d7gsich
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Table 7.5. Comparison of times to reach critical inundation depths at
points A, B, and C in inundation simulations using forecasted and
observed precipitation data.

Forecasted Time to reach critical
Forecast P, 4 inundation depth from i
3 precipitation . Inundation depth | TUn deptn Maximum
. issue " Applied . ;
Pont| 4o | application| _Srue | at forecast forecast issue time | jmundation depth
. period gt issue time (min) (time of occurrence)
(hour:min) :
(hour:min) 20 cm |30 cm | 50 cm
Observed 57 cm
05:00 - |(2t7m)|  0m 3T grp)
A | 05:30 _
07:00 | Forecasted 0 an w | a5 | 70 65 cm
(139.5 mm) (07:09)
Observed ~ 44 cm
5 | goig | 0500 - (217 m) Oom | 50 o4 (07:01)
. 07:00 | Forecasted 0o 9 | 61 | o 52 cm
(139.5 mm) (07:11)
Observed 51 cm
05:00 - |(2t7m)| T0em 9 2 B9 b g
C | 05:30 ,
07:00 | Forecasted 0 o g | 2 | 6 55 cm
(139.5 mm) (07:03)
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Fig. 7.3. Time series of the inundation depth at point A simulated using observed and forecasted

precipitation data.
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Fig. 7.4. Time series of the inundation depth at point B simulated using observed and forecasted

precipitation data.
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Fig. 7.5. Time series of the inundation depth at point C simulated using observed and forecasted

precipitation data.
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Table 7.6. Comparison of times to reach critical inundation depths at
points D and E in inundation simulations using forecasted and
observed precipitation data.

Forecasted Time to reach critical
Forecast AP ) ; g .
oo Precipitation| ..o | Iundation depth inundation. depth from Maximum
Point| - | application ecIj);I))itaﬁon at forecast | forecast issue time | imundation depth
(hour-min) period P issue time (min) (Time of occurrence)
“| (hour:min) 20 cm 30 cm | 50 cm
Observed ~ 49 cm
o | gig | 03200 - (123 m) | 63 (05:05)
05:00 | Forecasted 0o g | - | - 24 cm
(88.2 mm) (04:07)
Observed 56 cm
¢ | g | 0400 - (479 m) 0 cn Tt s (05:27)
06:00 |Forecasted| ) .. 7ol - 42 cm
(116.5 mm) (05:14)
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Fig. 7.6. Time series of the inundation depth at point D simulated using observed and forecasted

precipitation data.
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Fig. 7.7. Time series of the inundation depth at point E simulated using observed and forecasted

precipitation data.
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(b) Inundation at Point E

Fig. 7.8. Initial stages of inundation at points D and E in the simulation

result using observed precipitation data.
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Table A.1 Daily total precipitation and dates of occurrence at Seoul
station.

Rank Staion - Date of occurrence | Daily total precipitation (mm)
Number Region
1 108 Seoul 2022-06-30 176.2
2 108 Seoul 2022-08-08 129.6
3 108 Seoul 2024-07-18 128.8
4 108 Seoul 2022-08-09 123.1
5 108 Seoul 2022-09-05 120.0
6 108 Seoul 2022-07-13 114.5
7 108 Seoul 2022-06-23 103.0
8 108 Seoul 2024-07-17 98.8
9 108 Seoul 2023-07-13 91.6
10 108 Seoul 2023-08-10 86.1
11 108 Seoul 2024-07-22 79.9
12 108 Seoul 2021-08-31 77.4
13 108 Seoul 2022-10-03 76.0
14 108 Seoul 2023-07-14 72.7
15 108 Seoul 2021-09-21 68.1
16 108 Seoul 2021-07-19 67.4
17 108 Seoul 2022-08-19 66.1
18 108 Seoul 2024-07-02 65.1
19 108 Seoul 2023-06-29 63.8
20 108 Seoul 2021-08-21 62.8
21 108 Seoul 2023-07-04 61.8
22 108 Seoul 2021-07-03 60.0
23 108 Seoul 2023-07-11 58.3
24 108 Seoul 2022-11-12 57.9
25 108 Seoul 2023-08-29 54.8
26 108 Seoul 2024-09-20 54.5
27 108 Seoul 2022-08-03 51.1
28 108 Seoul 2023-04-05 50.3
29 108 Seoul 2024-05-05 48.3
30 108 Seoul 2023-07-09 475
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Table A.2 Daily total precipitation and dates of occurrence at Busan
station.

Rank Station - Date of occurrence | Daily total precipitation (mm)
Number Region
1 159 Busan 2024-09-21 378.5
2 159 Busan 2023-07-16 259.2
3 159 Busan 2024-07-24 176.3
4 159 Busan 2021-08-25 146.2
5 159 Busan 2021-07-07 1375
6 159 Busan 2023-07-18 130.3
7 159 Busan 2021-07-06 121.3
8 159 Busan 2023-09-01 1174
9 159 Busan 2023-08-10 108.9
10 159 Busan 2024-10-22 105.7
11 159 Busan 2022-04-26 101.8
12 159 Busan 2021-08-21 99.1
13 159 Busan 2023-05-06 98.9
14 159 Busan 2023-09-16 85.5
15 159 Busan 2022-03-26 80.3
16 159 Busan 2021-08-23 79.7
17 159 Busan 2023-01-13 771
18 159 Busan 2023-07-12 76.4
19 159 Busan 2022-09-06 69.2
20 159 Busan 2024-06-29 68.9
21 159 Busan 2021-07-04 66.2
22 159 Busan 2024-02-19 63.5
23 159 Busan 2022-07-18 63.1
24 159 Busan 2023-09-17 59.9
25 159 Busan 2023-08-24 58.3
26 159 Busan 2024-04-03 58.1
27 159 Busan 2023-03-23 56.0
28 159 Busan 2023-08-09 55.1
29 159 Busan 2024-07-14 54.9
30 159 Busan 2024-05-05 53.1
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Table A.3 Daily total precipitation and dates of occurrence at Incheon
station.

Rank Station - Date of occurrence | Daily total precipitation (mm)
Number Region
1 112 Incheon 2022-08-08 207.8
2 112 Incheon 2022-07-13 168.0
3 112 Incheon 2022-08-02 148.2
4 112 Incheon 2022-06-30 126.1
5 112 Incheon 2024-07-18 124.9
6 112 Incheon 2022-08-09 113.1
7 112 Incheon 2023-07-13 109.9
8 112 Incheon 2022-09-05 95.5
9 112 Incheon 2022-06-23 92.3
10 112 Incheon 2021-08-31 82.7
11 112 Incheon 2023-08-23 81.0
12 112 Incheon 2023-07-23 79.0
13 112 Incheon 2021-09-21 74.6
14 112 Incheon 2023-08-10 70.5
15 112 Incheon 2024-10-18 67.4
16 112 Incheon 2024-08-21 66.3
17 112 Incheon 2023-07-04 63.8
18 112 Incheon 2021-08-21 59.6
19 112 Incheon 2024-07-02 57.8
20 112 Incheon 2024-06-29 97.7
21 112 Incheon 2022-10-03 57.1
22 112 Incheon 2024-09-20 56.9
23 112 Incheon 2024-07-17 52.7
24 112 Incheon 2021-07-03 52.7
25 112 Incheon 2022-08-03 51.1
26 112 Incheon 2024-05-05 51.0
27 112 Incheon 2022-11-12 47.7
28 112 Incheon 2023-05-06 47.5
29 112 Incheon 2023-08-11 46.6
30 112 Incheon 2024-07-22 45.0
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Table A.4 Daily total precipitation and dates of occurrence at Daegu
station.

Rank Station - Date of occurrence | Daily total precipitation (mm)
Number Region
1 143 Daegu 2024-07-09 191.3
2 143 Daegu 2023-05-29 100.8
3 143 Daegu 2023-08-10 93.4
4 143 Daegu 2024-09-21 87.6
5 143 Daegu 2022-09-06 81.1
6 143 Daegu 2023-07-18 74.2
7 143 Daegu 2021-08-24 69.0
8 143 Daegu 2024-07-10 65.7
9 143 Daegu 2024-08-08 58.0
10 143 Daegu 2023-08-30 54.9
11 143 Daegu 2023-08-31 51.4
12 143 Daegu 2023-06-27 48.0
13 143 Daegu 2023-07-14 47.7
14 143 Daegu 2023-07-11 46.5
15 143 Daegu 2023-05-05 44.5
16 143 Daegu 2023-07-07 43.9
17 143 Daegu 2023-08-09 41.0
18 143 Daegu 2021-09-01 40.7
19 143 Daegu 2022-08-16 39.8
20 143 Daegu 2021-07-07 39.7
21 143 Daegu 2023-06-30 39.0
22 143 Daegu 2023-09-20 36.6
23 143 Daegu 2023-08-24 36.4
24 143 Daegu 2022-07-18 34.0
25 143 Daegu 2023-05-06 33.9
26 143 Daegu 2023-06-26 33.2
27 143 Daegu 2022-06-24 32.4
28 143 Daegu 2022-06-05 32.2
29 143 Daegu 2022-09-05 317
30 143 Daegu 2023-12-15 315
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Table A.5 Daily

Daejeon station.

total precipitation and dates of occurrence at

Rank Station - Date of occurrence | Daily total precipitation (mm)
Number Region
1 133 Dagjeon 2023-07-14 221.8
2 133 Daejeon 2022-08-10 192.9
3 133 Daejeon 2023-09-20 152.7
4 133 Daejeon 2023-08-10 143.3
5 133 Daejeon 2024-07-08 1375
6 133 Daejeon 2024-09-21 131.2
7 133 Daejeon 2023-07-15 105.6
8 133 Daejeon 2024-07-10 88.6
9 133 Daejeon 2022-08-20 83.6
10 133 Daejeon 2023-05-05 83.3
11 133 Daejeon 2023-07-04 80.2
12 133 Daejeon 2023-07-18 73.0
13 133 Daejeon 2023-07-07 68.7
14 133 Daejeon 2021-08-23 65.0
15 133 Daejeon 2023-09-16 58.9
16 133 Daejeon 2022-08-11 58.2
17 133 Dagejeon 2022-07-18 57.4
18 133 Daejeon 2024-07-02 57.0
19 133 Daejeon 2024-05-05 55.4
20 133 Daejeon 2023-06-26 54.5
21 133 Daejeon 2021-09-01 52.4
22 133 Daejeon 2023-06-29 50.8
23 133 Daejeon 2023-12-15 47.0
24 133 Dagjeon 2022-09-05 46.5
25 133 Daejeon 2024-07-16 45.6
26 133 Daejeon 2024-09-20 45.6
27 133 Dagjeon 2023-08-09 45.4
28 133 Daejeon 2024-06-29 45.1
29 133 Dagjeon 2021-08-21 44.9
30 133 Daejeon 2023-08-30 44.4
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Table A.6 Daily

Gwangju station.

total precipitation and dates of occurrence at

Rank Station - Date of occurrence | Daily total precipitation (mm)
Number Region
1 156 Gwangju 2023-06-28 153.3
2 156 Gwangju 2023-06-27 130.2
3 156 Gwangju 2021-07-06 119.5
4 156 Gwangju 2023-07-24 100.3
5 156 Gwangju 2023-05-05 95.7
6 156 Gwangju 2023-08-10 92.4
7 156 Gwangju 2023-07-11 87.6
8 156 Gwangju 2024-09-20 87.1
9 156 Gwangju 2023-08-18 74.5
10 156 Gwangju 2023-06-26 74.3
11 156 Gwangju 2023-07-17 66.6
12 156 Gwangju 2023-07-18 64.7
13 156 Gwangju 2024-05-05 61.9
14 156 Gwangju 2024-06-30 61.2
15 156 Gwangju 2024-09-21 60.2
16 156 Gwangju 2023-07-07 60.0
17 156 Gwangju 2021-08-06 59.4
18 156 Gwangju 2023-08-23 58.9
19 156 Gwangju 2023-07-15 56.3
20 156 Gwangju 2023-07-16 54.2
21 156 Gwangju 2022-07-18 54.1
22 156 Gwangju 2023-07-14 51.6
23 156 Gwangju 2022-09-05 50.7
24 156 Gwangju 2024-07-16 49.7
25 156 Gwangju 2023-07-23 48.0
26 156 Gwangju 2021-09-01 45.7
27 156 Gwangju 2021-08-02 45.3
28 156 Gwangju 2023-05-29 43.7
29 156 Gwangju 2024-06-29 43.3
30 156 Gwangju 2023-09-15 42.8
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Table A.7 Daily total precipitation and dates of occurrence at Ulsan
station.

Rank Station - Date of occurrence | Daily total precipitation (mm)
Number Region
1 152 Ulsan 2024-09-21 158.4
2 152 Ulsan 2023-08-10 146.3
3 152 Ulsan 2021-08-21 122.4
4 152 Ulsan 2022-09-06 110.4
5 152 Ulsan 2021-08-24 108.3
6 152 Ulsan 2023-08-24 105.3
7 152 Ulsan 2023-07-18 86.7
8 152 Ulsan 2022-07-18 69.4
9 152 Ulsan 2023-05-06 62.4
10 152 Ulsan 2023-09-17 61.9
11 152 Ulsan 2023-09-21 61.5
12 152 Ulsan 2024-07-09 61.3
13 152 Ulsan 2021-07-06 60.4
14 152 Ulsan 2023-05-29 59.0
15 152 Ulsan 2024-07-14 58.4
16 152 Ulsan 2024-10-22 58.3
17 152 Ulsan 2022-09-19 56.4
18 152 Ulsan 2022-06-05 53.8
19 152 Ulsan 2023-07-16 53.3
20 152 Ulsan 2022-04-26 53.0
21 152 Ulsan 2024-08-20 51.4
22 152 Ulsan 2022-09-05 51.1
23 152 Ulsan 2023-03-23 50.8
24 152 Ulsan 2023-12-15 50.6
25 152 Ulsan 2023-12-11 49.6
26 152 Ulsan 2024-04-03 49.4
27 152 Ulsan 2024-07-02 48.5
28 152 Ulsan 2022-06-27 47.9
29 152 Ulsan 2023-09-13 45.3
30 152 Ulsan 2023-07-07 43.8
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Table A.8 Daily total precipitation and dates of occurrence at Suwon
station.

Rank Station - Date of occurrence | Daily total precipitation (mm)
Number Region
1 119 Suwon 2022-06-30 285.0
2 119 Suwon 2022-08-09 192.8
3 119 Suwon 2024-07-18 151.9
4 119 Suwon 2022-07-13 139.1
5 119 Suwon 2022-08-08 129.4
6 119 Suwon 2022-09-05 120.4
7 119 Suwon 2024-09-20 94.8
8 119 Suwon 2023-08-10 91.6
9 119 Suwon 2023-07-23 86.3
10 119 Suwon 2022-08-11 83.7
11 119 Suwon 2023-07-14 80.8
12 119 Suwon 2024-06-22 72.8
13 119 Suwon 2024-09-21 72.4
14 119 Suwon 2021-09-01 70.9
15 119 Suwon 2022-06-23 65.0
16 119 Suwon 2023-07-13 64.5
17 119 Suwon 2024-07-02 62.7
18 119 Suwon 2023-07-18 60.7
19 119 Suwon 2023-06-29 58.6
20 119 Suwon 2022-08-03 55.5
21 119 Suwon 2024-10-18 55.0
22 119 Suwon 2022-08-30 54.7
23 119 Suwon 2023-11-06 54.5
24 119 Suwon 2022-06-15 52.7
25 119 Suwon 2024-07-23 50.9
26 119 Suwon 2024-08-21 50.4
27 119 Suwon 2023-07-11 49.6
28 119 Suwon 2023-05-06 46.8
29 119 Suwon 2024-05-05 455
30 119 Suwon 2022-06-29 45.2
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Table A.9 Daily total precipitation and dates of occurrence at
Changwon station.

Rank Station , Date of occurrence | Daily total precipitation (mm)
Number Region
1 155 Changwon 2024-09-21 397.7
2 155 Changwon 2023-08-10 190.2
3 155 Changwon 2021-08-21 168.2
4 155 Changwon 2021-07-07 152.7
5 155 Changwon 2021-07-06 148.7
6 155 Changwon 2023-05-05 136.5
7 155 Changwon 2021-08-23 131.8
8 155 Changwon 2024-09-20 1317
9 155 Changwon 2023-09-16 128.0
10 155 Changwon 2023-08-24 119.7
11 155 Changwon 2023-07-16 117.9
12 155 Changwon 2022-09-06 97.9
13 155 Changwon 2024-05-05 94.9
14 155 Changwon 2024-10-22 88.2
15 155 Changwon 2022-03-26 85.9
16 155 Changwon 2023-07-18 83.0
17 155 Changwon 2022-07-18 81.4
18 155 Changwon 2024-06-29 75.0
19 155 Changwon 2024-02-19 74.3
20 155 Changwon 2022-04-26 69.3
21 155 Changwon 2023-07-07 69.0
22 155 Changwon 2024-03-28 67.6
23 155 Changwon 2023-08-09 64.1
24 155 Changwon 2023-04-05 62.6
25 155 Changwon 2023-01-13 62.6
26 155 Changwon 2022-08-24 56.4
27 155 Changwon 2024-04-03 56.3
28 155 Changwon 2023-07-14 54.8
29 155 Changwon 2022-06-05 54.8
30 155 Changwon 2024-07-02 54.4
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Table A.10 Daily total precipitation and dates of occurrence at Jeju
station.

Rank Station - Date of occurrence | Daily total precipitation (mm)
Number Region
1 184 Jeju 2024-11-01 238.4
2 184 Jeju 2022-09-05 174.0
3 184 Jeju 2021-07-31 155.3
4 184 Jeju 2021-09-17 155.0
5 184 Jeju 2022-08-17 94.3
6 184 Jeju 2024-06-20 92.9
7 184 Jeju 2021-09-14 89.6
8 184 Jeju 2023-06-25 80.9
9 184 Jeju 2024-06-27 T4.7
10 184 Jeju 2023-05-04 74.0
11 184 Jeju 2022-06-24 71.4
12 184 Jeju 2023-06-30 68.8
13 184 Jeju 2021-09-16 63.8
14 184 Jeju 2024-07-10 61.7
15 184 Jeju 2023-08-23 58.2
16 184 Jeju 2021-08-14 57.7
17 184 Jeju 2023-07-22 52.0
18 184 Jeju 2023-05-03 50.7
19 184 Jeju 2022-09-02 49.3
20 184 Jeju 2022-07-30 48.3
21 184 Jeju 2023-08-30 47.7
22 184 Jeju 2022-07-31 47.3
23 184 Jeju 2022-06-05 45.0
24 184 Jeju 2023-07-08 435
25 184 Jeju 2023-09-16 43.0
26 184 Jeju 2024-01-20 41.1
27 184 Jeju 2023-07-03 40.5
28 184 Jeju 2023-07-18 38.2
29 184 Jeju 2021-09-02 37.8
30 184 Jeju 2024-06-29 36.6
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Table A.11 Daily total precipitation and dates of occurrence at
Pohang station.

Rank Station - Date of occurrence | Daily total precipitation (mm)
Number Region
1 138 Pohang 2022-09-06 342.4
2 138 Pohang 2023-08-10 154.2
3 138 Pohang 2021-08-24 1271
4 138 Pohang 2024-07-09 1234
5 138 Pohang 2024-09-21 89.9
6 138 Pohang 2024-07-10 74.8
7 138 Pohang 2023-07-18 74.1
8 138 Pohang 2023-05-29 66.6
9 138 Pohang 2023-08-24 64.3
10 138 Pohang 2021-09-01 56.8
11 138 Pohang 2021-07-08 56.6
12 138 Pohang 2021-07-07 56.2
13 138 Pohang 2021-10-09 53.9
14 138 Pohang 2023-07-07 53.6
15 138 Pohang 2022-11-22 52.7
16 138 Pohang 2023-12-15 51.2
17 138 Pohang 2021-08-14 50.7
18 138 Pohang 2021-10-06 49.3
19 138 Pohang 2022-09-02 47.9
20 138 Pohang 2021-08-17 43.9
21 138 Pohang 2021-09-30 41.1
22 138 Pohang 2022-08-30 40.2
23 138 Pohang 2023-03-23 38.2
24 138 Pohang 2022-09-19 36.7
25 138 Pohang 2022-09-05 36.3
26 138 Pohang 2021-09-29 36.1
27 138 Pohang 2022-08-20 35.1
28 138 Pohang 2021-08-18 35.0
29 138 Pohang 2023-06-26 34.9
30 138 Pohang 2022-06-24 34.8
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