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Abstract

Climate change is becoming increasingly unpredictable. This has led to changes in various systems such as ecosystems, human
life and hydrological cycles. In particular, the recent unpredictable climate change frequently causes extreme droughts and torrential
rains, resulting in complex water resources disasters that cause water pollution due to inundation and retirement rather than
primary disasters. SWAT was used as a watershed model to analyze future runoff and pollutant loads. The climate scenario
analyzed the RCP4.5 climate scenario of the Meteorological Agency standard scenario (HadGEM3-RA) using the normal quantitative
mapping method. Runoff and pollutant load analysis were performed by linkage simulation of climate scenario and watershed
model. Finally, the results of application and verification of linkage model and analysis of future water quality change due
to climate change were presented. In this study, we simulated climate change scenarios using artificial neural networks, analyzed
changes in water temperature and turbidity, and compared the results of dams with artificial neural network results through
W2 model, a reservoir water quality model. The results of this study suggest the possibility of applying the nonlinearity and
simplicity of neural network model to Hapcheon dam water quality prediction using climate change.
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Fig. 1. Location of study Area.

Table 1. Information on a specific climate scenario applied or
adopted in this study
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Table 2. Overview of RCP Scenarios

RCP scenarios

RCP 4.5

Stabilization without overshoot pathway to 4.5 W/m’ at stabilization after 2100

Table 3. Statistical parameter of each rain gauge station under RCP 4.5 scenario(HadGEM3-RA)

Parameter Yeongju Mungyeong Uiseong Uljin Thiessen Average
Mean [mm] 119.7 118.0 90.1 96.8 105.7
Standard Deviation [mm] 135.8 134.3 108.2 101.6 109.9
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¢ Define HRUs as the
coincidence of soil type and
landuse

¢ Hydrological/chemical
properties are defined at the
HRU

Soils Landuse

e Sorunoff/P loss is the same
here (lowland pasture)

e Ashere (upland pasture)

Fig. 2. Hydrologic response units(HRU) concept.
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Table 5. Result of change in the future outflow(HadGEM3-RA)

HadGEM3-RA RCP 4.5(m’/sec)
Stream
Baseline (1981~2000) 2021-2040 2041-2070 2071-2100
12,072 12,696 12,524
Hapcheon Dam 12,034 0.3 %) (5.5 %) .1 %)
Table 6. Result of change in the future SS, T-N, T-P
HadGEM3-RA RCP 4.5(ton/day)
Baseline (1981~2000) 2021-2040 2041-2070 2071-2100
141,345 167,357 153,097
5 149,393 (-5.4 %) (12.0 %) 2.5 %)
1,134.5 1,217.9 1,218.7
N 11394 ~0.4 %) 6.9 %) (7.0 %)
116.9 119.6 109.1
-r 127.3 (-8.2 %) (6.1 %) (-14.3 %)
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FRAATTE BolFET HA7ITRI 2010W9] 2 o& 2
2= AME 0.298 ~ 1.178 C, RMSEX 0.415 ~ 1.508 C,
AZ7IZIRI 2011d9] & ¢ll& eak= AME 0.267 ~ 0.787 C,

Table 7. Error assessment of reservoir water surface simulation
result in Hapcheon Dam

AME (m) | RMSE (m) R? MAPE (%)
2010yr 0.275 0.411 0.9996 0.165
2011yr 0.265 0.336 0.9990 0.167
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Fig. 7. Comparison of observation and simulation in Hapcheon Dam(water surface).
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Table 8. Error assessment of water temperature simulation result

Temperature ('C)

Temperature (C)

Temperature (C)

Temperature (C) Temperature (C)

0O 10 20 30 40 0O 10 20 30 40 O 10 20 30 40 O 10 20 30 40 0O 10 20 30 40
—T—T 7 —T—T T —T T
1/5(5) 2/1(32) 3/2(61) 4/6(96) 5/18(138)

B ©  Observed B
— Simulated L L | L
AME ° 0682 AME © 0783 AME © 0.557 [ 7 AME 0438 AME © 1178
RMSE : 0.684 RMSE : 0.786 RMSE : 0.764 RMSE : 0625 RMSE - 1508
10 20 30 40 0 10 20 30 40 0O 10 20 30 40 0 10 20 30 40 0O 10 20 30 40
T T R T —T T
5/26(146) 6/12(163) 7/1(182) 8/8(220) 9/1(244)

T |AME :0.796 [ ﬁ:fo.satg B ﬁiooe [ T AME :0.800 [T AME:0619
RMSE : 0963 RMSE : 1.025 RMSE : 1,308 RMSE : 1.082 RMSE : 0.720
10 20 30 40 O 10 20 30 40 0O 10 20 30 40 O 10 20 30 40 O 10 20 30 40
T T T T T T T T T T T T T T T
9/17(260) 10/7(280) 11/1(305) 12/1(335) 12/22(356)

[ | AME 0508 [ | 'AME:0320 m P amE 0858 B AME : 0.558 AME * 0.298
RMSE : 0.800 RMSE : 0462 RMSE - 0927 RMSE : 1196 RMSE - 0.415

(@) 2010yr

Temperature (C)

Temperature (C)

Temperature (*C)

Temperature ("C) Temperature (°C)

2000 10 20 30 40 O 10 20 30 40 0 10 20 30 40 0 10 20 30 40 O 10 20 30 40
T T R T
—_ 7/4(185) 7!25(206) 8/2(214) 8/14(226) 8/26(238)
5180 B < Observed [
5160 —— Simulated | L L |
S
=140 I L L L
«©
3
w0 T AmE: 0647 [ | AME: 0494 [ | AME:0437 [ | 'AME-0726 AME - 0.737
100 RMSE - 0847 RMSE - 0663 RMSE : 0570 RMSE - 0814 RMSE - 0.789
2000 10 20 30 40 0O 10 20 30 40 0 10 20 30 40 O 10 20 30 40 0 10 20 30 40
—— ——— ——T— —
T1s0 9/3(246) 9/16(259) 9/29(272) 10/4(277) 10/15(288)
i
Y10 H = F =
c
2140 | L + + L
«©
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i 129 [ AME 0700 | | AME:0.787 AME : 0.603 [ [ AME:.0578 [ AME:0.472
100 RMSE - 0749 RMSE - 0841 RMSE - 0,708 RMSE - 0636 RMSE - 0633
2000 10 20 30 40 0 10 20 30 40 O 10 20 30 40 O 10 20 30 40 O 10 20 30 40
——— ——T— ——T— —T ———
=180 10/26(299) 11/5(309) 11/27(331) 12/6(340) 12/28(362)
I [ AME 0267 AME - 0371 AME - 0342 AME - 0480
100 RMSE : 0.677 RMSE : 0433 RMSE : 0.648 RMSE : 0.668 RMSE : 0.507
(b) 2011yr

Fig. 8. Comparison of observation and simulation water temperature in Hapcheon Dam.

in Hapcheon Dam
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0.683"+0.246""

0.882°+0.307""

(1.178"77/0.298"""") (1.508"77/0.415"""")
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YE | (0.787***/0.267****) | (0.847°7'/0.433"""")
" average, ~ standard deviation, = maximum, = mimimum

RMSES 0.433 ~ 0.847 C2 e} ]
Fot= Aoz wdEh(Fig. 8, Table 8).

SREAIEE H24A A=, 2022

= 7}.O
Ay ASEE

i)

s
=

=]

ful

24

3.4 7|23t Ap2| £2HE0f Dj2ls I

Table 9] mlef| 7] ¢S}t Alute]e Hgo) w2
Aol mo] tpd: Jdgdt A2 23S UERSICH
717k 2021'8~2100F0]H, 20211~20409-2 FFS(Foreseeable
Future Scenario), 204138~20709-& MFS(Mid-term Future
Scenario),  2071d~210082  LFS(Long—term  Future
Scenario)2 37] 7]zt g FLESIE HadGEM3-RA 7%

ARl 28] 739, FES ZI7tellA mlgfQl LES 7I7te = 245
Fei2o] F7roke AdE Ueiar Qi

Fig. 9= HadGEM3-RA Aygleelx F43(10%)Y
5~10¢ 7re] 293k Yetd Jdo2 69 2o 245

" 7]
ACPS



O|FE-dB= 33

Table 9. Comparison of upper water temperature (HadGEM3-RA)

year section Min. (C) Max. (C) Ave. (0)
w0 2039 FES 6.86 31.72 18.23
% 2042 MFS 7.15 30.47 18.09
(Wet year)
2099 LES 8.19 31.58 19.93
HadGEM3—RA 0% 2040 FFS 7.22 31.59 18.50
a 20% 2057 MES 7.46 33.54 19.93
RCP 4.5 (average water year)
2094 LES 8.81 34.26 20.42
2030 FFS 7.57 31.00 18.47
0% 2070 MFS 7.97 33.73 19.31
(dry year)
2077 LES 8.17 31.71 20.04
Table 10. Comparison of SS concentration (HadGEM3-RA)
year section Min. (mg/l) Max. (mg/l) Ave. (mg/1)
2039 FES 0.073 2.932 0.816
10% 2042 MFS 0.064 2.767 0.956
(Wet year)
2099 LES 0.048 3.112 0.908
d A 2040 FFS 0.057 2.368 0.681
HadGEM3 R 20% 2057 MES 0.046 1.795 0.605
RCP 4.5 (average water year)
2094 LES 0.063 2.587 0.718
2030 FFS 0.073 1.604 0.519
0% 2070 MFS 0.072 1.321 0.440
(dry year)
2077 LES 0.043 1.862 0.533
e b
™ ~ ! I —————
15+ E f 15+

NKW1-1

DAY: 272,

Elevation (Meters)

29 September 2033

13
Kilometers

Fig. 9. Analysis of water temperature change in Hapcheon Dam Reservoir by HadGEM3-RA.
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Fig. 10. Analysis of Turbidity by HadGEM3-RA(Hapcheon Dam).
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Fig. 11. Comparison of observation and simulation water temperature(ANN).
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Fig. 11. Comparison of observation and simulation water temperature(ANN) (Continued).
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year section Min. (C) Max. (C) Ave. (0)

2039 FES 13.38 29.75 21.25
10% 2042 MES 14.25 29.90 20.77

(Wet year)
2099 LFS 14.28 30.89 22.67
2040 FFS 14.78 29.90 21.41
Hapcheon 20% 2057 MEFS 14.24 31.55 22.48

Dam 1 (average water year)

2094 LES 13.71 33.49 23.19
2030 FES 13.99 29.60 21.40
0% 2070 MEFS 13.97 32.36 21.90

(dry year)
2077 LES 14.59 31.03 22.67
2039 FES 14.40 30.62 22.56
10% 2042 MES 15.46 30.56 22.06

(Wet year)
2099 LFS 15.49 31.45 23.95
2040 FFS 16.10 30.68 22.711

HadGEM3-RA 50%

b 45 (average water yeaD 2057 MFS 15.51 31.98 2376
2094 LFS 14.82 33.75 24.42
2030 FFS 15.15 30.36 22.67
90% 2070 MEFS 15.14 32.75 23.16

(dry year)
2077 LES 15.86 31.57 23.95
2039 FES 15.86 31.00 23.52
10% 2042 MEFS 16.94 30.84 23.02

(Wet year)
2099 LES 16.96 31.76 24.79
2040 FES 17.61 31.03 23.62

HadGEM3-RA 50%

Rep s (average waner yeas) 2057 MES 17.09 32.28 24.61
2094 LFS 16.38 34.17 25.27
2030 FFS 16.67 30.67 23.55
90% 2070 MES 16.66 33.11 24.06

(dry year)
2077 LFS 17.28 31.88 24.79
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Table 12. Comparison of SS concentration (ANN)

year section Min. (mg/l) Max. (mg/l) Ave. (mg/1)
2039 FES -3.084 3.098 1.084
10% 2042 MFS —2.484 2.984 1.120
(Wet year)
2099 LES -2.964 3.125 1.351
2040 FFS -1.432 3.061 1.473
Hapcheon S0% 2057 MFS 2,188 2.789 1.072
Dam 1 (average water year)
2094 LES -1.370 3.124 1.405
2030 FFS -1.896 2.724 1.459
0% 2070 MFS -2.339 2.904 1.548
(dry year)
2077 LES -1.298 2.994 1.638
2039 FFS -2.374 3.408 1.339
10% 2042 MFS -2.113 3.302 1.308
(Wet year)
2099 LES -2.319 3.434 1.617
2040 FFS -1.408 3.374 1.678
Hapcheon S0% 2057 MES ~1.956 3110 1.286
Dam 2 (average water year)
2094 LES -1.356 3.433 1.586
2030 FFS -1.768 3.044 1.662
90% 2070 MES 2,040 3.224 1.775
(dry year)
2077 LES -1.293 3.312 1.849
2039 FFS -2.179 3.230 1.086
10% 2042 MFS -1.896 3.046 1.059
(Wet year)
2099 LES -2.134 3.276 1.354
2040 FFS -1.159 3.169 1.398
Hapcheon S0% 2057 MFS -1.709 2.742 1.007
Dam 3 (average water year)
2094 LES -1.112 3.274 1.324
2030 FFS -1.504 2.646 1.319
0% 2070 MFS -1.807 2918 1.444
(dry year)
2077 LES -1.058 3.061 1.564
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