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ABSTRACT

Due to climate change, disasters such as floods and droughts are occurring frequently. As temperatures and precipitation
increase and the number of rainy days decreases, preemptive action measures against floods and droughts are needed. In
Korea, most runoff occurs in the flood season (June to September), and runoff varies considerably among different years (ME,
2021), with the annual minimum and maximum runoff occurring in 1998 (40.6 billion m*) and 2003(129.3 billion m®). The
water supply capacity and dam size of multipurpose dams have been reviewed by analyzing water supply reliability based
on hydrology and the economic environment at the time of dam construction. There are no standards for calculation of water
supply reliability in Korea, and research on water supply reliability and vulnerability for water supply based on various
scenarios considering climate factors is insufficient. The objective of this study is to create discharges for climate stress
scenarios according to changes in temperature and precipitation and to analyze changes in water supply reliability (durational)
and rate of vulnerability for the Chungju, Yongdam, Seomjingang and Hapcheon dams. The analysis period was set as the
past period (1995 ~2022) and future periods (2041 ~2060 and 2081 ~2100). To evaluate dam vulnerability according to
temperature and precipitation, 1,891 climate stress scenarios were created in which temperature was changed by 1°C from
0 to 3°C and precipitation was changed by 1% from 70% to 130%. To calculate the simulated discharge for each scenario,
the ITHACRES model was used. The change in water supply reliability(durational) affected by precipitation was more
significant than the change by temperature, and Hapcheon Dam was more sensitive to both temperature and precipitation than
other dams. In Korea, where seasonal and regional rainfall variation is dramatic, prediction of various temperature and
precipitation changes is difficult. This study based on climate stress test has potential to be expanded not only in terms of
water supply management but also in terms of flood and water environment policy. These results can be used to establish

the direction and standards for water supply reliability in an environment in which climate factors are considered.
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Select target dams for study and collect hydrological data
(inflow, precipitation, temperature, area, and etc)

!

Produce discharge(inflow) of scenarios by utilizing IHACRES model |

!

Assess durational reliability for climate stress scenarios
-1995~2022 year (Evaluation unit : 5days, lyear)

!

Visualize the reliability for climate stress scenarios |
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Fig. 1. Flow chart of study procedure

N,
M)

WA A glo] F=29 29] th=EA W At
A 1749 A& AHsto] T &43F ol
3t ZF W A 712, A5 AE B AAY
& W SEARE TS B3 o]pHE
49 =7} Bas)
THACRES 232 2-g3}o] Alute| e mo) oqjam
Aotk g Alue| o fYFS &85t 9
Holo] WE o] ?HiE
5ol @ olg FoH

S
|o
f

4

it
o

I
ki d

oA o
2o
tlo

2 fuotlo ofm @ A

r:
(O oX

3
>

H

fL

IFYE L HPIE 5

B7he otk

A
oy

ftjo

3. gt

>
Hu

2 AolAE A7) A8
g4z 2 Avele 75

g8 A&t

3org Tt o 1015
3.0, O 2M7IZE W 2MEA MY
B AFolAE 71e @ 34 Hste] M2 olehdE
4RE 90 3, oI S 3 eI F] 5 A

ol
iJXJ(KWRA, 2022)5}1 QJomE 3A7|ZE
1995 ~20229 02 % 289 E47|7HS A5t
TS, A7 H|ZE {5 214171 FHE71(2041 ~

20609), 4712081 ~21008) 5 HEHAA 71 3Hs}
AYEIANIMS, 2022)014 B85k = ] 7|2

S #goto] B AFoAE %ﬂﬂﬁgi 2041 ~
206082 wjEf Z=Eb7], 2081 ~21008S wjE] FHbr|Z
A A5},

20159 HE o 8533 27E A9 4 292 Sl
B FE0E J 5ESA] d9 &3 EEE A
HE 2Asto] W] A-F8&5 FFol Aol LA
AT E 513 QJOLHME, 2023), £ Ao 85T
g 2708 ESAR v 71¥x20] wet g2 7|F
AEZA HAE AU Qo] S35 A4S st A
Al 7H Al 35959 9AE 75, Y 2 94 59 o
< 1A g | V| EAYFFES A& FFote
F3t9] &3 F2doR Aot

3.2, Oha o g U A™RE 15

9529 39 HEHHEE R stof FAE H
|53 e 992 8 1E6t AY 59, 24
A9 89, J-HFAY AT E E d5EAY F
AdE A75tAch(Table 1, Fig. 2)

Table 1. Basic information for Chungju, Yongdam, Seomjingang and Hapcheon dam (FCO, 2023)
Average annual inflow Average annual Annual basic plan supply (10°m®)
Dam Area(kr) precipitation Total Municipal &
m’/s 10°m? . Agricultural In-Stream
(mm) water use Industrial
Chungju 6,648 154.5 4,888 1,197.6 3,380 2,731 315 334
Yongdam 930 24.4 769.5 1,259.7 650.43 492.75 - 157.68
Seomjingang 763 15.8 497.0 1,379.2 435 65 370 -
Hapcheon 925 20.2 637.0 1,301.4 599 520 32 47
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Fig. 2. Basin map in the study area
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Fig. 3. Generic structure of the IHACRES model (Croke and Jakeman, 2007)
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Table 2. Description of IHACRES parameters
(Jakeman et al., 1990)

Parameter Description
d CMD threshold for producing flow (mm/d)
Temperature to potential evapotranspiration
e
conversion factor
f CMD stress threshold as a proportion of d
. Time constants for the exponential components
au_s
- for slow flow
Time constants for the exponential components
tau
-4 for fast flow
v_s Fractional volumes for slow flow
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i 7d 2dY 5 oA g o] 8FH vk
= 0914 12 19 7P5E AZEAE & Yerdo 1
YU B2 9wt $AHA dEEtE So) A%
AL & Yehte 1 grol B4 Uehtme oo g
Fo71 dasith. & g A% A#EQ] NSE (Nash
Sutcliffe)y= &%, TAFGS 24 & 7P €9 ol-8H
£ ARE ROA A7jdE AFEA ] EARE FE=
AR BAET W o4 1402 Yerte 1]
2ol 7Phess molgo] HEte] AFL & uhodol
Ao =g ou|gtct, PBIAS (%)= ROt #=gho] &3t
o] AE Hlwohs A EE HAHZGL 00]H, I E S5
© I& ¥ Fd BojE ouielth. ROVE #5834
(volume)of] TRt HIEZ 19 775 £oH, 2t 54
& A ®;O] Hgt 7|52 Table 31} ZThH(Moriasi et al.,
2015; Song and Kang, 2016).

wgo] 4 RAA 37 B47|7ke 739] Hl&R Uy
1995 ~20149S B A, 2015 ~2022¥S AA7|te=z A
ot &, SEAY B9 FFA olF 20019
BHE BEAZ AASIGoEE YL 2001 ~2016, A

Table 3. Performance evaluation Criteria (Moriasi et al., 2015)

Performance Evaluation Criteria
Measure
Very Good Good Satisfactory Not Satisfactory
R’ R?>0.85 0.75<R*<0.85 0.60<R*<0.75 R?<0.60
NSE NSE>0.80 0.70<NSE=<0.80 0.50<NSE<0.70 NSE<0.60
PBIAS (%) PBIAS(%)<+5 +5<PBIAS<+10 +10<PBIAS<+15 PBIAS>=+15

Table 4. Results for calibration and validation according to evaluation measures

Calibration Validation
Dam
R? NSE PBIAS (%) ROV R? NSE PBIAS (%) ROV
Chungju 0.777 0.710 10.687 0.89 0.801 0.795 1.685 0.98
Yongdam 0.824 0.780 8.824 0.91 0.809 0.762 7.070 0.93
Seomjingang 0.812 0.771 10.035 0.90 0.803 0.764 14.363 0.86
Hapcheon 0.854 0.810 8.252 0.92 0.835 0.793 6.467 0.94

http://www.ekscc.re.kr



1018 Az - 4Fs - UST -

717+ 2017 ~2022d 02 A5 At

7t 9 Byl 4 17 2= Table 491 ZoH, B=
SAA WA RTT A-EBA7IZEe fdFel ds BoH]
F(Table 3)0] Z73to] 7H= o)/fe] A& UrFJrLHﬂ A
©] IHACRES E%‘é S 2o FhTol 5 FAFTH

ERE 922 Selstant.
3.4. 7|2 % Zx Bl AL Xig 3=
N AEAA HAEE 22 F§UNA J1Fus
237 3P nAE I Tt Bxoz
kel 2N

T AHgER e AR FyeloA T 7| AEF
HAE B7HE A+ 2 Al Fol AthKim and
Jeon, 2021; Woo et al., 2023). B3] HoloAx 7|&
7|1F¥3} HAAr]E, A5 5)7F Ae FS Tt
Stk 715 AEHA AU E AA4st £ BUME
SFyotlct

71 9 A W3k 7S AE A AUER ARE
%ﬂurﬂ} %J?{rﬂ A& 1ot P&t f-EuvEt
)4 55.4%(693.9 mm)7} o] =o]
o7 ATt B4 U= £ H
of &shzol Add ﬁj} I & HoJth(ME, 2021). AE4E
HA} 52 st g WSt AU eg FEot AL F
A 70%90A4 H 130%714] 1%% 271k 617]9] 744
AU 2.8} 7]-& 0T (Baseline)o| 4] 3C7HA] 0.1THA &7}
o= 31709 712 AU e R EfHEote HEE F
1,8917] AluEles 18t}

3.5. AWt 71 2%

o,
N
-~
ofr
2L

2 ATold Ay BItE A9 §43F
g Y A4A 2o £
Y7172 ol 4eHE AEE BE ol

Sk olreEe $45ac 4e 2

>
N

O > ol o o

A2 o M oml 3ol

E

H

2 Tg =
Tage g
o
<
I
=
rir
I
I
il
Y
o
_);!_4
of4
i
ot
N
HN
_\-1;_11

BoH lo o N rlr
=

e N
o,
iy
mo g
of4
i
o

kl
)

ol

).

)

[ﬁ
A}
k1
N
N
o

0

stk
AFE 7)) ofF BrHs B4

7 golAH, Woke] AEE Eol7] HAE

K% Az )7 B9, AHE Ag 71E 5

o) HEHEE BolF S ek £ AT

gH 9 ARAYTRES TRY & Y AT 52

2
N
=
o
iIN)
>
Mo i
AN
~
o

i
o

fr
o
N,
)
it > wfo

Journal of Climate Change Research 2023, Vol. 14, No. 6-2

07|z - ABZE - =X

e

43t 7|7t A1 = (Durational reliability, %)S X glsto] &
Attt 712 A AP A2 Eq ()3 o] yehd
4 Sl
27
Rel, = 1— (1)

T Hold AR FTL TFIA £ 71 %, 7,
A A7 4

01'7 o‘r‘otl ‘%‘7] %’% jY_E:]’é‘]—
Tt Tagsh BAe YRS
28, Wl 593 AT E T8to]
KWRA, 2022) Z+ A|1}2] Q¥ o] 20tA T A3Fe B A

RS
.

olfeHE A% BT ) AT /1FHs 2
F oM 52 Teistel 20~ 3040 13 B REL 58
She 27S FIstel BAZIZ0E 1891709 Alrte] oo
gl 71z A== 9% vlkel Alkel RS
gato] ol Ay =S B

‘:':7_
[}

4, AZat
B oM 728 Juda 9 AR o 7
7% AEHA HAE AU e ol5etdE U Hok]
g Ane 2asigd

4.1. 7|&7Zk(Baseline)?| O|4OtHE 3%t

7] 7]7k01 1995 ~2022¥ 744 9] #= S0l o} 9o
U 712 4 4 ARE E8oto] 7|23 Wit gl
7|4k (Baseline)9] 2 O3 AFS Aol 5 &) H7t
9 2435 A7 2ZW 92.6%, L9 94.4%, AX7H
98.5%, X 89.6%2] 7|ZHAIF =S Bt A &9 &
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A 65.5%= e

Z AR g BE YT 719 7% ﬂﬂié 9]
It Bt S WE AT MAAGHES AQsta =

T 5% o]ij9] AlF|& xjo]Z [HACRES ZEog Agsh
HoflFo]l #SE FUFS FAHA molshe IkA A
ol et o]t Hrket & Aol7t Ql= ZoE H
A tH(Table 5).



71E AEYA EIAE TIEH E Of

Table 5. Simulation and observation for baseline

scenario
Evaluation Durational reliability (%)
Dam . Data
period 5 days 1 year
Sim 92.6 69.0
Chungju | 1995~ 2022
Obs 92.1 65.5
Sim 94.4 73.9
Yongdam | 2001 ~ 2022
Obs 94.2 78.3
Seomjin Sim 98.5 75.9
1995 ~ 2022
gang Obs 99.8 96.5
Sim 89.6 65.5
Hapcheon | 1995 ~ 2022
Obs 87.5 65.5

AAZFHY] AT o]4tx 3
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olgt 5 W& FUFETY A AHEH JFo= <l
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2 woEch

Seomjingang Discharge SIM VS OBS(m’/s)
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Fig. 4. Discharge for simulation versus observation
(Seomjingang dam)
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Water Shortage(BS): 1 years(1995) /1 (5-days)

o
& 8 S 0 & s 5SS «b
PSS ST ST TS

K

——LEVEL(SIM)  ——LEVEL(OBS) ——NHWLRWL) —LWL

Fig. 5. Waterlevel for simulation versus observation
(Seomijingang dam)
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Table 6. Durational reliability (Unit 5days) for 1,891 scenarios

Precipitation change
Dam Temperature 1995 ~ 2022 year (Past) 2041 ~ 2060 year (Future) 2081 ~ 2100 year (Future)
70% 100% 130% 70% 100% 130% 70% 100% 130%
T+0T 57.2 92.6 100.0 49.0 97.8 100.0 56.4 97.2 99.6
T+1C 54.0 90.1 99.6 45.8 96.2 100.0 533 95.9 99.5
Chungju
T+2C 50.9 87.3 98.8 42.6 93.7 100.0 50.1 94.0 99.2
T+3C 48.4 84.8 97.9 40.1 90.9 100.0 47.0 91.7 99.0
T+0T 47.3 94.4 100.0 394 97.1 100.0 44.4 92.9 100.0
T+1C 44.8 92.0 100.0 37.0 92.4 100.0 41.9 90.6 100.0
Yongdam
T+2C 42.5 89.1 100.0 35.0 87.4 100.0 40.0 87.2 100.0
T+3C 41.0 86.6 100.0 333 83.0 100.0 38.0 83.9 100.0
T+0T 67.9 98.5 100.0 46.5 99.9 100.0 45.6 98.3 100.0
Seomjin T+1C 63.1 97.3 100.0 40.7 99.4 100.0 41.8 97.5 100.0
gang T2T 59.0 96.0 100.0 35.8 98.4 100.0 38.2 93.5 100.0
T+3C 54.9 93.0 100.0 31.3 94.7 100.0 35.1 88.5 100.0
T+0C 41.3 89.6 100.0 36.5 99.2 100.0 39.7 92.0 100.0
T+1C 39.0 86.1 100.0 344 95.4 100.0 374 89.8 100.0
Hapcheon
T+2C 37.5 83.0 100.0 32.6 90.3 100.0 353 87.8 100.0
T+3C 359 80.1 99.7 30.9 85.1 100.0 335 85.6 100.0
712 9 e HI7E fle 7154k (Baseline) ALHE] 2 Fig. 62 28 2471794 1,8917) *ME'JEA o]t

2 7 BA7|7E ¥3); FolE geltt dn 3392 o A $AE HOE Hgsto] SEY s Yel
AZIZE 92.6%, U FHE7] 97.8%, vl HHE7] 97.2% ok Aol A S8 dE RS0 B2 As
2 BARY v 7|79 E5F WHEH|E0| tha Eof ojujsiy M2 ERZo] He Qe AHQl olatHE
FtHTable 6). S THA7|7F 94.4%. v] FHH7 100%E 2Jnigict. gHddo] g o H|g| 7| 7tE
97.1%, m& FHE7] 92.9%°|w HZAZHL H{AZ|TE TAZIZH1995 ~ 2022 )] AU B ER5S &
98.5%, | Z47] 99.9%, ulzf FHl7] 98.3%, FrHH ke Ho|1 Uk

< BAZIZE 89.6%, HIF FEE7] 99.2%, m|F FE7| Fig. 72 7= H3} glo] 712 0~3TC ®3} 5 7]

gl

ot
o nE
T
J;

L

(E

2002 ARG 4] W B le] BA718G 0l S gle] B 70~ 130% WS ol R FAE e
FHY|R 242 BRE S50t 99 B 0% 55 W IIolt 718 wsje] BE 4 ojseiEr) of
s)oic. wlg) FlFHst Ao 718 W e Aol w 80%71A] EEeh} 44 Wslo] mE HA oroHEL
2 7717800 B8} W AIZbe] o] RQPAEA A AP ok 36%E Ao Flemrt g ofgh Qo] wol

SGAR, 4] 71 U 44 W] HE olehiE W el Aoz weEr
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Fig. 6. Durational reliability (Unit bdays) for 1,891 scenarios
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(Table 7).
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Fig. 8. Distribution of durational reliability (5days) for 5,673 scenarios
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Table 7. Rate of vulnerability (%) for each dam

Fop Wt ot 1023

Dam Total (average) 1995 ~ 2022 2041 ~ 2060 2081 ~2100
Average 55.2 61.1 50.2 54.4
Chungju 56.4 69.4 50.2 49.8
Yongdam 57.3 59.1 54.2 58.6
Seomjingang 46.4 46.3 439 48.9
Hapcheon 60.6 69.7 51.7 60.4
5. A= 8 ARt A-fE E3o et BYE FdF 52 2
S3 | ol g2 EgrdAdol TARIG I3y
Z7lsle 713 Hsl giuste] 7)ot 73<4=0] sl g 71*8AE ng ¥ o] w3t 52 ¥ 2+
2 o o4 ok Byl 582 £AY Bes g ol We T8 VxARR E8E & JloH, v £
alo] 71597 HS g S B B AF o] W A 2 oAEA 0 FFS A ER F 2P o]t
Ql HRoz wrtgth o2 95f v 7l ¥ A4 g =] iRk SRl wigo] 28 How wdd
oz ol%t Ho] 84FF5Y WS A& AEY e U 53] 21417 VIR ZeE ey ARd V1L
Aol Qith. & ApoML 7|3 AEFA HAE ut g 37 H AW Aol A& T FAolH Fd
ol Y WrIstuA &3, &4, AW, AW 4 = HLdhs S(NIMS, 2022)9] A WsFole &
o tHEAUo| tste] 7] W 7 pEob AdA] 1o gl wet A5 Sl e 9 3 Bk ¥ V1%
2 71HE A Edto] AU BA7IZhE 9 ojgekd WS B V1§ AEFA FAE V|Re] S5 28
= 9 Fopulg 59 HESAT 71F AEHA AU S AN IR /1A AR Almdth
9L 7]e 1 74 Wals EAo Fojaly ek A ok, 2 A7lM s BT Eesade A SaEol
70%14  FHd  130%7k4]  1%% F7h 7122 0T otd 7|ZAgsFEE A=l A% sdtke 244
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o o] obHE BistE BQIgh & glglon Weab 7] AR AYR|LE Bt Aor 5 V|FHst gl
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