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Abstract

Korea prepares for potential floods by designating June 21st to September 20th as the flood season. However, many dams in Korea have
suffered from extreme floods caused by different climate patterns, as in the case of the longest consecutive rain of 54 days in the 2020's
flood season. In this context, various studies have tried to develop novel methodologies to reduce flood damage, but no study has ever
dealt with the validity of the current statutory flood season thus far. This study first checked the validity of the current flood season
through the observation data in the 21st century and proved that the current flood season does not consider the effects of increasing
precipitation trends and the changing regional rainfall characteristics. In order to deal with these limitations, this study suggested seven
new alternative flood seasons in the research area. The rigid reservoir operation method (ROM) was used for reservoir simulation, and
the long short-term memory (LSTM) model was used to derive predicted inflow. Finally, all alternatives were evaluated based on
whether if they exceeded the design discharge of the dam and the design flood of the river. As a result, the floods in the shifted period
were reduced by 0.068% and 0.33% in terms of frequency and duration, and the magnitude also decreased by 24.6%, respectively.
During this period, the second evaluation method also demonstrated that flood decreased from four to two occurrences. As the result of
this study, the authors expect a formal reassessment of the flood season to take place, which will ultimately lead to the preemptive flood
response to changing precipitation patterns.
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Fig. 3. Accumulated flood season precipitation between 20™ and 21% centuries for 18 multipurpose dams sites in Korea
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Table 1. Ranks based on the p-value of the hypothesis test for the
average change between 20" and 21 centuries

Rank Dam Null hypothesis p-value
1 Seomjingang 0.038
2 Hapcheon 0.059
3 Bohyeonsan 0.083
4 Soyanggang 0.096
5 Andong, Imha 0.101
7 Yongdam 0.130
8 Juam 0.133
9 Buan 0.138
10 Yeongju 0.144
11 Namgang 0.200
12 Jangheung 0.206
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Fig. 6. rbias values of tested LSTM models
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Number Performance index Definition Classification
i1 XEF
1 Average exceed frequency F= e % 100(%) Frequency
. lX EF .
2 Average exceed duration D: (hr) Duration
X EFandX, €S
. t:lmax(()?l?f—N) .
3 Average exceed magnitude M=————F————x100(%) Magnitude
Nx]_ X EF

2 eIt o] 2 4241 0 2 Ve Table 33} 2t

= 7= K-waterol|A] A 2o 8511 Q=g 7 HH o
2, 7|52 50 ARl g 200 Bl o] W AR
ojtt. o] = Holl A TRt F o R sH o AlFE
okt A SR ERS 7|50 2 Q- (safe), 241 5] LAY
(flood), Z12] 3 AFF Y (disaster) 2] Al 7FA] A E 2 L0
ke Aol o) 712 7138 A, Al vy
A 5] sk A At = AH]7F o] Qlo] HollA] st
A ARG 12 ol Tt BAgeA glolor st
WA VRS WOl BHERE T 4 2l 2200
sgtafol g1t

4. %48 % Z2}

%01] 1—5— T 7]5Hete] Y, rigid ROM 2
9] A8 o7, s o] el sl |
4 Y] 7}11 EH R R R e A i s s A
TolME T Al SRS Y R o= sk
S 19909 2551 2001l £5H F A8
15007 0] 22| E 2p=1g Axgolrt. g+ A 193347
W] S5 AFH 2N 57 55 A H o] s
e A7l qLS v, A5 it
AR 4973d3uet 0] G5 T, AeE T35l 7]
AT S TR A E AT = ol &
TN AIR 1, AFARERE ], 18] AL A= g4912
o] 77} 695.89%t m’, 762.69%k m?, 71 1833.3@‘ﬂm301
T FRE Al S92 ShATetols who] Al RES 11,569
m*/hro] 20, F-o S F-S 1.08 9Tt m3/hr0]D}

™

—_

4.2 W7} A3}
B Aol A2 A7 o] et e ekt E2 Al

o] Higle] b2 FaFol F IE 0 2 o] dal HAE5719t
AR &7 R0 8 A7 8IS H| WS HIIek3
o} Prtoll = 3.3 A G T 714 715 o853k

A2 A|ZF AT o Hste] kg e 7S g5t H]
Wl AR FH2 F= A 0] 9D 30U R FUokal A2}
AlFo] th2 EX1(6/16-9/30), EX4(6/21-9/30), EX5(6/1-
9/30), SH2(7/1-9/30)°]t}. A WA 37} B o] A= T
T} 2k HIEof 2|5 AJ7F 2] 33.9] 739 W] 7] SR o] FY
S ANE Kol om, 7] 9A| SH2(7/1-9/30)2 A 25t tf 2

RIS BT SUAT ANE B} T A B7}1F
A Y] F17 B B4 wfe] 44 T7ke] 28] oyl Aot
UG FAE B o] S Bol A8 oA F A A%
A1) Wa g chule] hit gl vlelel o
ek o] B4 A2} X7 o] Aol 4R E 4 e B0 §
afo] %15}7] v 2ot g,

h-0R FE A Walo] uh2 §F Blolm of uf A}
BRI A2 Al ket 1F0 2 Lol H s}

Ak ZHzh 6 2198 A12F A1 0 2 5H= With0(6/21-9/20),
EX2(6/21-9/21), EX3(6/21-9/25), EX4(6/21-9/30)2} 64 16
A5 AJZF A 0 2 FH=EX1(6/16-9/30), SH1(6/16-9/15)°]
T} Fig. 72 Fig. 8= M = 159 Al 7HA] 2] 3ol thgt Z2itE
LERdH T2 zo]et,

HI T 0] 4.2 With0(6/21-9/20) TH] &2 A 9] 7|17He- 1
A =59 EX2(6/21-9/21)2] H1.0] A} gfo] 2F0.03% #45f
A, 2 A0 717+ ZH2F 593t 109 59 EX3(6/21-
9/25)2F EX4(6/21-9/30)2] 7% ©F0.07% 45T o=
HL 7 Eto 2 ZhAst Z1 o 2 AlguknakaiE Hh=sl= 3

£=0] 8157} 37| Zol 5Tt sfA =T With0(6/21-9/20)°]

H| 3 EX3(6/21-9/25)2} EX4(6/21-9/30)2] Ztol 2+ 8.0%
9}5.6% 57 FekE ER1 = Qltt. o] AitE Fol 17t Eo]
EH AR B A7 = 7RI oA S o Qlo]
2|37} trade-off WA U-S ZRIsHATE F HA 87} 7152
A} AN 2+ S E:r’-—J Jq ofl EFAY L7t o 3l 7} bdvdy



J. H. Lee et al. / Journal of Korea Water Resources Association 57(5) 359-369 367

Frequency
0.16 014
0.14
~ 012 0.10
<ol
g 0.08 0.07 0.07
S 006
&
o 0.04
M 002
0
Witho EX2 EX3 EX4
Cases
Magnitude
144.00 142.40
- 142.00 140,00
& 140.00
T
= 138.00
‘g, 13600 134.40 134.27
3
S 13400
132.00
130.00
Witho EX2 EX3 EX4
Cases
Duration
1.40 133
L 100 100 1.00
g 100
E o080
B 0.60
A 040
0.20
0.00
Witho EX2 EX3 EX4
Cases

Fig. 7. Assessment of tested flood season period candidates which
share the beginning date of June 215 (l)

With0(6/21-9/20) 43], EX2(6/21-9/21) 33], EX3(6/21-9/25)
23], EX4(6/21-9/30) 23] = oFH Autet FAgH FAIE K
= eIkt

597 15 JA HlEoA = AS 59 EX1(6/16-
9/30)°] SH1(6/16-9/15)°1| H]3H 0.07% FA5FAAL, HHth =
A719] 739 5.4% STt & A B7} 7|0] At Tt
EX1(6/16-9/30) 23], SH1(6/16-9/15) 43] & Z& Al 57}
2 1% 34 woff IAY Sl A A Hlrh

ol T A P& 34t 58& 577+
710 2 A=t SERIRF EX3(6/21-9/25)2F EX4(6/21-9/30)
O] 7% 2tol7t gli= Ao & Hol B4 Aol o= 7Xhs
ST A2 8 UM 58 S7PHEA e Al
2 UeRdTE 371 2 5.2] 7390l With0(6/21-9/20)°1] H]5H
EX3(6/21-9/25)2} EX4(6/21-9/30)2] %o 212} 8.0%%} 5.6%
Z7tok= Ao & FujolRad o] A2 Bl thiet tiH]

Frequency
015 0.14
o)
= o1
= 0.07
=
[}
2 0.05
=
=
0
SH1 EX1
Cases
Magnitude
142 140.00
—_
S 0
T 138
=}
.a 136 134.59
& 134
= 132
130
SHI EX1
Cases
Duration
L4 1.33
~ 12 1.00
—
= 1
5 0.8
E 0.6
g 04
0.2
0
SH1 EX1
Cases

Fig. 8. Assessment of tested flood season period candidates which
share the ending date of September 20™ (II)

=) B7t71Ee] 27), Wik, 122 2
AR5 A7 g7 7150] S ol 'Y < He] Hl ko) Hfsff

AVE 252 ° 2 H| Wl THFig. 9).
Z} 2] 3o tfslixA] At gk 0014 1Afe] 9] gho = ~A U] sf
of Bl H oM, o] 212t 7N R, Wl R
A&ATES P, B2 maf HhAY FRto) Ml et vt
© 2 pepick. 7} 2 Hol 4 o] 4 ehulel AvHAQ) 35S
2391 3709) 7174 A7 sHH rMw o) 73-9- SH1(6/16-
9/15), SH2(7/1-9/30), EX2(6/21-9/21)0]|t, g7~ 0] 73
© EX1(6/16-9/30), EX3(6/21-9/25), EX4(6/21-9/30), EX5
(6/1-9/30), SH2(7/1-9/30)°]t}. R7* 2] 7= EX1(6/16-
9/30), EX2(6/21-9/21), EX3(6/21-9/25), EX4(6/21-9/30),
EX5(6/1-9/30), SH2(7/1-9/30)0]H, R~ o] .90
L EX1(6/16-9/30), EX3(6/21-9/25), EX4(6/21-9/30), EX5



368 J. H. Lee et al. / Journal of Korea Water Resources Association 57(5) 359-369

—e— With0 - & — EX1 - A= EX2 -+- B3
- - B4 —¥--5HT —+--SH2
1.00 1.00 1.00 1.00
5 -
—_
X
S
Q
O
c
a
P
[}
Y
[}
put
Q.
e
O 0.50
c A
RS, e
] ’
) i
/
g p
- — /’
O S
r
l s,
’,
s
'
’
‘H- . N A /’
000 e \':Q.oo ~ 000, 0.00
000 = -
RMag RFreq_design R.Dur RFreq_K—water

Fig. 9. Comparison by case using four indicators of two evaluation standards

(6/1-9/30), SH2(7/1-9/30)°]t}. o] & B3l HFH o2 H A
T BE 2] ®of|A] 4] 3719] 7171 sl SH2(7/1-
930S -l SEHH 2R 57| TH 2 ARl

O

re
rf
-+
rr
Bl
o
o
12
fu
Y
ol
)
o
ot

ol B o
l
&
o2
_O|L
T 1
i)
o, ofl do ot

Ad
N
-

I
>«
N

% Mo
ol
ool

>

o
0,
o
i
)
ro
o g
et o2

fa)
filo
R
r)
oo
ol
ol
> &

re o
B
>
o
[}
o
o & s
RN, g 2o

ol
2L

0w o e >

:

1o of

o
Ni
ol
9'1'.
b 2 F,

o,
T
]

Yo

i)
o

ek
R

o
tu
~J
=
o

extensmm} shift &
7] TH-Z A Qtst
el5k7] 9134 rigid ROMS
S XYool JH Alm= F
2y E‘._E“ A LSTM= &-85to] =& st BLof A3}

]1194
12
=2
< gl &

pacs
=
N
N
X
19 Jo
o H1 Mok ofok b ox ok

=

Bl
10 ot it Ho ofm

flo
ok 4
oo
=
o
1o

_H
o 1>
o 2 2

oy

do U

% ok
ot

1=
o
o
2

SN ] RFE B Ao 515 o)
115z, 57, 221 A X130l e} A ke 71
P B e So) 2 AT BAste] the) 2

El R EARANE FollA G55 Jalstltt. 54
T A3 5719 AR A2 a1
JAHS TAR, T&AFZ W] 92 m|x =0t
215t 5] AS TA R A= Aol §-551aTk
Ay HHT47| A ok A 712 551 2041
719} 21417] AF= 0] Bl w & A ePstict. Ul A <]
B57) A4 232 20417] thH] 86.7 mm7F 57t
Skt T3 o] 18712 thEA o] thafjAf Bl w gt
A AAH 0 2 F7F A5 BAS SRS, 4]
o 7} st zto|7H S| Zith S 0 & 119
gt 7HdA AaE F5ll p-valueo] 9171 0.35H
0.0387}2] 2] 2 2fo| & Kol 2|9 7}4= EA4Jo] 73s}
ﬂl ‘213 223 Jﬁ}?‘i @377 ol2et ks

= ?*;%1011*1% S TEr ] ﬁHOﬂ T‘HO* Bkl Hl ke, Z|&A]
7t 1=]3 37]9] A BE Z-goto] Hol ARkt
s o) AR B 242 areRt 710l E‘r— el
= Bt ARESETE AR A1 o] HISHE 3lE 1
T % SH2(7/1-9/30)5 A| 23k Lt 2] 2] ﬁﬁp} = 1

7} 71004 LAl =25 Aot L sHAl AR AR
S =2 SH2(7/1-9/30)= 37] 2| Hof| 4] 2] A7} o}
e , Ol B AR A o] o] 27 7hs
o] %%6}71 2o = s Ee v F= Al 9]
Stof| whE FF2 FEFE 2ol 7} ekt d W

O,



J. H. Lee et al. / Journal of Korea Water Resources Association 57(5) 359-369 369

B850 242 547102 %% FAIZ EX3(6/21-

9/25)9} EX4(6/21-9/30)2] 73-¢- B o} A &A1 7 2| &
ol A1 0.068%2}0.33%5HE 7t ﬁ}‘ﬁfl“%, T A
7} 715 GA) Z4=mof A 1to] 430l A 28] 2 FHA

oh= 202 Ut 1L Z2 AHEL 102 &9
SH2(7/1-9/30)2} EX5(6/1-9/30)°l & 5Lt A3t
EZE I ol & 53l T= Al o Hspr &4 Aol
Sseae u] A=A ogﬁd-g_-g}ﬁ;]- g’g]&;q OE—?—E?—

A} B Ao A= f—? ?<17* 347} 7}%* ol
B SH2(7/1-9/30)E e -H 1 -2 A=
7|2 AQtsetict.

orL

A

L
e
_I-Ll
4 1o |
.
I
2L

8 918 ol B £ B8 A2 FF WA
MRS A R BEEE At 2B A2}
) HHE BRE WPES7] AelolEN 71 F 1] o
o2 shisht ol Rolx 2 Zleyict

o
M2l 2

2 AT TR LTANK -water) 2] /Y E 41 R&D
(20-D-W-005) At o] Ygto 2 S = QHFHT

Conflicts of Interest

The authors declare no conflict of interest.

References

Cha, E.J. (2006). “The meaning of the rainy season.” Water and
Future: Journal of the Korean Society of Water Resources,
Vol. 39, No. 7, pp. 69-72.

Ha, K.J., Yun, K.S., and Lee, S.S. (2007). “August mode in precipi-
tation and its association with circulations.” Proceedings of
the Korea Meteorological Society Conference, pp. 478-479.

Hashimoto, T., Stedinger, J.R., and Loucks, D.P. (1982). “Reliability,
resiliency, and vulnerability criteria for water resource system
performance evaluation.” Water Resources Research, Vol. 18,
No. 1, pp. 14-20.

Hochreiter, S., and Schmidhuber, J. (1997). “Long short-term me-
mory.” Neural Computation, Vol. 9, No. 8, pp. 1735-1780.

Kang, T., Lee, S., and Kang, S. (2015). “A study for flood control of
a dam using flood guide curves and release determination
method in accordance with reservoir water level.” Journal of
the Korean Society of Hazard Mitigation, Vol. 15, No. 6, pp.
129-136.

Kim, G.J., Seo, S.B., and Kim, Y.O. (2019). “Elicitation of drought
alternatives based on water policy council and the role of
shared vision model.” Journal of Korea Water Resources
Association, Vol. 52, No. 6, pp. 429-440.

Ko, J.W., Baek, H.J., and Kwon, W.T. (2005). “The characteristics
of precipitation and regionalization during rainy season in
Korea.” Journal of the Korean Meteorological Society, Vol.
41, pp. 101-114.

Korea Meteorological Administration (KMA) (1995). Rainy season
white paper. Report 11-1360000-000085-14.

Korea Meteorological Administration (KMA) (2011a). Korea cli-
mate change white paper. Report 11-1360000-000813-12.

Korea Meteorological Administration (KMA) (2011b). Typhoon
white paper. Report 11-1360016-000001-01.

Korea Water Resources Corporation (K-water) (2015). Dam manage-
ment regulations.

Korea Water Resources Corporation (K-water) (2019). Multi-purpose
dam operation practical manual.

Kwak, J. (2021). “A study for the target water level of the dam for
flood control.” Journal of Korea Water Resources Association,
Vol. 54, No. 7, pp. 545-552.

Lee, K.M., Cho, C.H., and Kwon, W.T. (2011). “The recent (2001-
2010) changes on temperature and precipitation related to
normals (1971-2000) in the Republic of Korea.” Korean Geo-
graphical Society Conference Materials, pp. 75-75.

Ministry of Environment (ME) (2018). Regulations on the coordi-
nation of dams and weirs.

Ministry of Public Administration and Security (MOPAS) (2020).
Disaster safety situation analysis results and disaster safety
accidents subject to priority management. Report 11-1741000-
000002-10.

Mok, J.Y., Choi, J.H., and Moon, Y.I. (2020). “Prediction of multi-
purpose dam inflow using deep learning.” Journal of Korea
Water Resources Association, Vol. 53, No. 2, pp. 97-105.

Park, C., Moon, J., Cha, E.J., Yun, W.T., and Choi, Y. (2008).
“Recent changes in summer precipitation characteristics over
South Korea.” Journal of the Korean Geographical Society,
Vol. 43, No. 3, pp. 324-336.

Sim, M.P., Gwon, O.1, and Lee, H.G. (1995). “Reservoir operation
by variable restricted water level during flood period.” Water
for Future, Vol. 28, No. 6, pp. 217-228.



