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Abstract

Recent droughts make hydroelectric power generation (HPG) decreasing. Due to climate change in the future, the frequency and intensity
of drought are expected to increase, which will increase uncertainty of HPG in multi-purpose dams. Therefore, it is necessary to estimate
the amount of HPG according to climate change scenarios and analyze the effect of drought on the amount of HPG. This study analyzed
the future HPG of the Soyanggang Dam and Chungju Dam according to the SSP2-4.5 and SSP5-8.5 scenarios. Regression equations for
HPG were developed based on the observed data of power generation discharge and HPG in the past provided by My Water, and future
HPGs were estimated according to the SSP scenarios. The effect of drought on the amount of HPG was investigated based on the drought
severity calculated using the standardized precipitation index (SPI). In this study, the future SPIs were calculated using precipitation data
based on four GCM models (CanESM5, ACCESS-ESM1-5, INM-CM4-8, IPSL-CM6A) provided through the environmental big data
platform. Overall results show that climate change had significant effects on the amount of HPG. In the case of Soyanggang Dam, the
amount of HPG decreased in the SSP2-4.5 and SSP5-8.5 scenarios. Under the SSP2-4.5 scenario the CanESM model showed a 65%
reduction in 2031, and under the SSP5-8.5 scenario the ACCESS-ESM1-5 model showed a 54% reduction in 2029. In the case of Chungju
Dam, under the SSP2-4.5 and SSP5-8.5 scenarios the average monthly HPG compared to the reference period showed a decreasing trend
except for INM-CM4 model.
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Fig. 1. Study area
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Fig. 3. Observational data of discharge and power generation discharge from 2012 to 2020
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Table 2. Variables and parameters of the LSTM prediction models
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Table 3. ANOVA for the hydroelectric power generation of Soyanggang Dam considering past and two scenarios

GCM Scenario Mean (MWh) SSE (MWh)" P-value
Past 40641.8 23546
CanESMS5 SSP2-4.5 38891.7 23948.2 0.14
SSP5-8.5 38132.7 23970.2
Past 40641.8 23546
ACCESS-ESM1-5 SSP2-4.5 39743.6 23320.3 0.11
SSP5-8.5 38229.5 21783.2
Past 40641.8 23546
INM-CM4-8 SSP2-4.5 49544.5 27918.9 <0.05
SSP5-8.5 48352.7 27023
Past 40641.8 23546
IPSL-CM6A-LR SSP2-4.5 48625.9 26189.2 <0.05
SSP5-8.5 46213.7 25934.1

* Sum of Standard Error

Table 4. ANOVA for the hydroelectric power generation of Chungju Dam considering past and two scenarios

GCM Scenario Mean (MWh) SSE (MWh) P-value

Past 61346.7 52978.5

CanESM5 SSP2-4.5 67391.8 53093.4 0.17
SSP5-8.5 65039.2 58323.9
Past 61346.7 52978.5

ACCESS-ESM1-5 SSP2-4.5 63848.2 553449 0.36
SSP5-8.5 60465.4 49479.7
Past 61346.7 52978.5

INM-CM4-8 SSP2-4.5 79091.2 56808.4 <0.05
SSP5-8.5 77547.5 57151.9
Past 61346.7 52978.5

IPSL-CM6A-LR SSP2-4.5 74921.7 60620 <0.05
SSP5-8.5 69584 60315.9
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Fig. 6. Boxplots of hydroelectric power generation by periods in Soyanggang Dam
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Fig. 7. Boxplots of hydroelectric power generation by periods in Chungju Dam

Table 5. Two-way ANOVA for various component with SSP2-4.5

and SSP5-8.5
Dam Component Significance
Scenario 0.01
Soyanggang dam GCM <0.05
Scenario and GCM 0.77
Scenario <0.05
Chungju dam GCM <0.05
Scenario and GCM 0.75

Table 5+ A2FF A SFH 2] SSP2-4.5(47] GCM)ZH
SSP5-8.5(47) GCM) 7t2] o] FAREA] Atoltt, mjzfj 9]
A0}l vt ZZel o] A SSP2-4.59F SSP5-8.5 2] ALt
2.2 9 o} 2 L dlof| o]5f| §-olobA] S WokoLt, Aue]
Q0 el 7ho] A5 2F8-2 §-0lokA] b5 HojET

4.3 SSP A|L}2| @Y fuix2ko| H|n BAM
o] Alua] oA 2] GCM el o] ke ¥ 9= u}

ofsto] e 48] g A2 olalisl] Sl Fig. Soll =AIH
A SRS AlueE] 9 2l GeM RElo et At 4
A TS ALtold, A7 2] 739, SSP2-4.5 & SSP5-
8.5 Alute] QoA 7H =2 P U THINM-CM4-
8)-2 717} 49544.47 MWh 2 48352.67 MWho|H, 7} he
AP AL HZHCanESM5)S ZH2} 38891.65MWhe}
38132.75 MWho|th. S| ¢, 7P =2 g+ 4
=R INM-CM4-8)-2 212} 79091.15 MWh 2 77547.51
MWhe|H, 7F w22 Ao 5 ACCESS-ESM)
S 77} 63848.24 MWh2} 60465.43 MWho|th. A% o]
17(1974'9~20209) LB+ =LA F-2 40634.97 MWh
o|m, naf| 47]) &) SSP2-4.5 X SSP5-8.5 A L}2] @ 9} H]
WS f|, CanESM5 2 ACCESS-ESM1-5 R &lo]| 4] ZHA6k=
S Bt S -, 1A (1986'9~20201) E
5 EEAEES 61346.67TMWho|H, SSP5-8.5 ALtE] @ of| A
ACCESS-ESM1-5 R E-Z A| 9t = Alue] @ of 4] 456}
£ 73S Bl
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4.4 7150| YU Zk0|| D|2| = HI

B ool A= SSP2-4.59F SSP5-8.5 AlutE] o] tigh
SPI-122] M-K AT 2432 A ATsH T A7 2] SSP2-4.5
@} SSP5-8.5 AlLt2] 2|4 CanESMS, ACCESS-ESM1-5,
IPSL-CM6A-LR R & 0| -9 7Hg0] HA6k= A& UHE
WL INM-CM4-8 B2 7o) S7Fok= A& UERITh
ZF0] AL SSP2-4.5 AlUHE]Q.0] INM-CM4-8, IPSL-
CM6A-LR B oA 7g0] F7 k= A7 erstAlet, L
2] "ol A= 7ol FAsh= FAIE B INM-CM4
-8 RO Z-f, SPI-12 7Fa AV S7tet= FAl= g &
dlo] nlef} e @A 54 5k= Aol Gk gkt 117
L8k © 2 of & 371 e gt AvE FRtehd, At
Wt ZFH O] 7HE AP o 5] Aot FAIE Hel
O]i=SWAT &3 ARgoto] AP -f o nlef f-AeS
oS |, B G-Q]eFo] RCP 4.590141+=9.5~15.9% <7511
RCP 8.5°l41+= 13.3~29.8% 5719t A2 2 YEPE Do and
Kim (2018)9] Ao} 7|22 0 2 AR|ghct.

Table 6. Soyanggang Dam's reduction in hydroelectric power generation

2 AT A= vl 713 A Qo M= 4] mERt
o] 7FEo] 7ot RS Hol AT, 72 o H 5| =
Aol uf-¢- A 25t Y n|Fth= A& HolEt) mebA
7hHad o) =k AE A=Feole Aol wi$- F85t
t}. o] & Il = AollM =7 Qs E1lotr] flsl 1274
A SPI 312 AREoL, 7Haoll e s A Ags Akt
FAcH(Tables 6 and 7).

27 e o] £-HdbEke SSP2-4.59F SSP5-8.5 AlutE]
QoA RE RdlofA 7|5 717H1974~2020 ) B
W skat vl woto] ZHAoh= 73S HQlrt SSP2-4.5 Alvt
2] QoA CanESM 2 E-2-2031d 9] 65% HA N ™, SSP5
-8.5 A|U2] .ol A ACCESS-ESM1-5 22220291 o] 54%
TAF 5719t §471 5 vlao) B, 3579 A =
o] Z4=7| Bt A UEREith

FF o] £eurAdwke SSP2-4.59F SSP5-8.5 AUt 2
oA 715 717H1986~2020') B3} H] W 5}o] INM-CM4
dut ozt Frlohs AS HYlow, thE RdE2 A4

Seasonal average hydroelectric power generation (MWH)

Scenario CGM
Annual Drought Flood
Past (1974-2020) - 40635 37798.2 491454
CanESM (2031s) 14229 (-65%) 13026 (-65.5%) 17838 (-63.7%)
SSP24.5 ACCESS-ESM1-5 (2066s) 25631.5 (-36.9%) 24222.2 (-35.9%) 29859.4 (-39.2%)
INM-CM4 (2052s) 40330.6 (-0.7%) 45343.1 (+20%) 25292.9 (-48.5%)
IPSL-CM6A-LR (2048s) 34471.1 (-15.2%) 31758.9 (-16%) 42607.7 (-13.3%)
CanESM (2046s) 22102.4 (-45.6%) 19927 (-47.3%) 28628.6 (-41.7%)
SSP5.8.5 ACCESS-ESM1-5 (2029s) 18699.8 (-54%) 18379.8 (-51.4%) 19660 (-60%)

INM-CM4 (2041s)

37122.7 (-8.6%)

40907.7 (+8.2%) 25767.6 (-47.6%)

IPSL-CM6A-LR (2051s)

39794.1 (-2%)

33982.6 (-10.1%) 57228.8 (+16.6%)

Table 7. Chungju Dam's reduction in hydroelectric power generation

Seasonal average hydroelectric power generation (MWH)

Scenario CGM

Annual

Drought Flood

Past (1986-2020) -

61346.7 45124

110014.5

CanESM 2031s)

32704 (-46.7%)

28488.5 (-36.9%) 45350.5 (-58.8)

ACCESS-ESM1-5 (2066s)

28417.2 (-53.7%)

24899.8 (-44.8%) 38969.1 (-64.6%)

SSF2-4.3 INM-CM4 (2052s) 63894.1 (+4.1%) 72361.7 (+60.4%) 38491.1 (-65%)
IPSL-CMG6A-LR (2048s) 57502.2 (-6.3%) 64438.3 (+42.8%) 36694.2 (-66.6%)

CanESM (2046s) 32666.6 (-46.8%) 33313.4 (-26.2%) 30726 (-72.1%)

SSP.8.5 ACCESS-ESM1-5 (2029s)|  29544.7 (-51.8%) 27333.3 (-39.4%) 36179 (-67.1%)

INM-CM4 (2041s)

65305.3 (+6.4%)

76126.5 (+68.7%) 32841.5 (-70.1%)

IPSL-CM6A-LR (2051s)

31583.6 (-48.5%)

34732.2 (-23%) 22137.8 (-79.9%)
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