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ABSTRACT

Recently, global warming has accelerated climate change, increased extreme weather phenomena, and increased the frequency and
intensity of weather disasters, leading to increasing uncertainty about the power production of new and renewable energy that is
sensitive to weather. In fact, it has been reported that a number of damage to hydroelectric power generation have occurred due to
weather disasters. Therefore, using the hydroelectric power generation performance data of Chungju Dam, meteorological data of
Chungju Meteorological Observatory, and operation data of Chungju Dam, this study investigated the effect of meteorological
disasters on hydroelectric power generation through structural equation modeling considering the number and intensity of meteorological
disasters per month. The results indicated that the increased drought occurrence affected the decreased hydroelectric power generation
by about 38.3 %, however the increased hydroelectric power generation could not explained by the increased flood occurrence. In
conclusion, an increased drought occurrence in future may significantly influence hydroelectric power generation.
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Fig. 1. The Concept of Structural Equation Modeling (Yoo et al.,
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Table 1. Assessment Methods and Criteria for PLS-SEM
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Model Assessment method Acceptance
Cronbach’s alpha («,) a, >0.6
Internal Cor.ls.lstency D-H rho (p,) g, >0.7
Reliability
Composite reliability (p,) 0.6<p. <095
. Outer loadings |t|>1.96, value of loadings should be considered
Reflective Convergent Validity
measurement model AVE AVE>0.5
.o Square root of each latent variable should be greater than the
Fornell-Larcker criterion . . .
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HTMT criterion HTMT < 0.85
Multi-collinearity VIF Inner VIF <5.0
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Table 2. Description of Latent Variables and Measurement Index

vl;?it:;lte Explanation Index in Fig. 4| Mean Median Min Max S:::E:i If;r:(e)ziss Skewness
Flood Flood occurrence days Flood day 18.10 25.00 3.00 31.00 11.36 -2.09 -0.25
Flood intensity Flood_int 1.34 1.40 0.14 2.26 0.63 -0.20 -0.53
Drought Drought occurrence days | Drought day 23.67 29.00 4.00 31.00 7.79 0.23 -0.94
Drought intensity Drought_int 0.36 0.33 0.07 0.82 0.22 -1.02 0.48
Production to Plan Ratio HY1 106.97 99.20 4.70 471.70 64.55 7.85 1.88
:z:re‘i Power transaction volume | HY2 1.68 1.30 0.19 10.00 1.45 13.55 323
Power transaction amount HY3 2.17 1.76 0.21 15.62 1.94 18.49 3.28

Table 3. Results of Internal Consistency Reliability and Convergent Validity

Internal consistency reliability

Flood Drought Heat wave Cold wave Hydropower
a, 0.92 0.96 0.90 0.96 0.79
f, 1.51 0.96 227 0.97 0.93
Pe 0.96 0.98 0.94 0.98 0.86

Convergent validity
AVE 0.92 0.96 0.89 0.96 0.68
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Table 4. Results of Fornell-Larcker Criterion and HTMT Criterion

Fornell-Larcker criterion

Latent variable Flood Drought Hydropower
Flood 0.96 - -
Drought -0.10 0.98 -
Hydropower 0.22 -0.40 0.82
HTMT criterion
Latent variable Flood Drought Hydropower
Flood - - -
Drought 0.11 - -
Hydropower 0.17 0.41 -
Table 5. Results of Path Coefficient
. Standard .. p-values | p-values
Path coefficient Deviation t-statistics (p<0.05) | (p<0.10)
Drought — 0.06 6.31 0.00 0.00
Hydropower
Flood 0.10 1.79 0.07 0.07
Hydropower
0.980

i
/
/

0.980 o383

Flood_day }—0-926

0088

Fig. 4. PLS-SEM for Effect of the Meteorological Disasters on
Hydroelectric Power Generation
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Fig. 5. PLS-SEM for Effect of the Short/Long-term Droughts on
Hydroelectric Power Generation

Table 6. Description of Latent Variables and Measurement Index of Short/Long-term Drought Analyses

La.tent Explanation Index in Fig. 5| Mean Median Min Max Stal?da-rd Exces§ Skewness
variable Deviation | Kurtosis
Short- SPI1 SPI1 -0.025 -0.064 -2.14 1.8 0.80 -0.36 -0.1
term SPI2 SPI2 -0.031 0.008 -1.96 1.82 0.87 -0.50 -0.056
drought SPI3 SPI3 -0.051 0.015 -2.32 1.83 0.91 -0.55 -0.15
Long- SPI12 SPI12 -0.27 -0.29 -2.15 2.59 1.095 -0.16 0.43
term SPI18 SPI18 -0.28 -0.22 -2.22 2.29 1.17 -0.64 0.37
drought SP124 SP124 -0.36 -0.43 -2.37 1.95 1.22 -0.69 0.23
Production to Plan Ratio HY1 106.97 99.20 4.70 471.70 64.55 7.85 1.88
Il;lg‘i:; Power transaction volume HY2 1.68 1.30 0.19 10.00 1.45 13.55 323
Power transaction amount HY3 2.17 1.76 0.21 15.62 1.94 18.49 3.28
Table 7. Results of Measurement Model for Short/Long-term Drought Analyses
Latent Internal Consistency Reliability Convergent Validity Discriminant Validity
. Measurement variable :
variable a, Pa pe Outer loadings AVE HTMT<0.85
SPII 0.844
hort-
Short-term SPI2 0.89 0.90 0.93 0958 0.82 0
drought
SPI3 0.912
SPI12 0.924
Long-term SPI18 0.94 0.95 0.96 0.969 0.89 0
drought
SPI24 0.941
HY1 0.747
Hydropower HY2 0.792 0.79 0.88 0.925 0.71 (0]
HY3 0.846

Vol.43 No.1 February 2023

39



4.

ny

=

s e FEluE B 5
HAR JH, SHEE A el +9
83 ouR|lotk “1ef 7het %TS’Jr &7
e Qo 1 Bkl WEde S7MITe
ﬂt‘r. =, A GRS E1F A Ake] vlgo] *H'JV*O =

SR Aol 7PIARl = el e Re] 8l

3 U5 felHs Folth
E oMi= PLS-SEMS $H831¢] efubro] Jaks WA
= 7P 5 7Ret e %= 4skeirk PLS-SEM
7} A, SR ke SRl B gAaTE Alslee} B
& FHIIGARL, T2 el F4 8<l0] A=Al 2l

j)l

1

3
W Sa BSlsick Zoo =, MR Fke Seile
531 Aed Aale)] BEAAR] ofsks = Aolgl= 7S B,
3o Z7ke SIS B3 A2 o] THH JUS F
Zolehz 7PdE 7S 5, The EEds B8 A
Akl EEAE F= 2] HARE S RS 5%

e Akl EES T2 880] HA] &= E} % 05_%1011*15-
FEIFE 5 %olxe] S HE X133)7] whEel 3
7pPdo] 71AEI9ARE frelaE 10 %ollxle] 37 l% Zleyst 734
3 29l 53 kA %@@*&3 T 82102 vERIT
frofasre] WA opel AR 71ES S83ivhd mye] uhg
Aert skt ks EAE 7401\:}
TR PR} 7o) FEis ek A ALt
o M3z GRS Yok 98l PLS-SEMS +dskal w7kl
ol 2 Ay, PHRe] FERES Be 1Y Ak wxe
FER 28.6 %, F7I7REO] FEMS Bk A= At mjxl=
JTRe 373 %Yrk o) HlaA w|zke] JFERTRE A7k
7haol 9% A=rt o & AL At o] S8k 7HEe]
RS A, o] JEks wkg vheAde] Erh
7IE Sl THEL B4 ) vRE s i
Ao wefstaA|rl, & A= PLS-SEMS 283t 7
[l b S 53 W8 Aate) vxE JFLS vwEIITk
ke A A 23S YA AlEEHA ]
AR, SRR sk @A) W § 1
Hefae] Ao wheh #71e] 71Fo] o) FXIck wbk] 7 Al
7} igsitiete A R 2 dgke] WA= BA
9 A 8t dEE ofy] 7] dRkEe] B o 2kEsl
Hok &2 oA bl BeE AR ARE A Ol
et Ajeko] JaL 7PIANE o)) AAES] FEE AASKE

ol A7 AJATE 5 A-ellx] Thket AR A A

40  KSCE Journal of Civil and Environmental Engineering Research

)

e

>~
>,
2
=
rTr
of
ot
Shs
1x

TRk TPkAe] 14} olele] Aa @ el agle) el
e L CREAN 12

gl 2

E— g %] Ades d%%%‘&ﬁﬂ =] 7=
=] HalvlE 7NEArdel Aleks ot A E sy
(2022003610001).

References

Cuartas, L. A., Cunha, A. P. M. D. A, Alves, J. A., Parra, L. M. P.,
Deusdara-Leal, K., Costa, L. C. O., Molina, R. D., Amore, D.,
Broedel, E., Seluchi, M. E., Cunningham, C., Alvala, R. C. D. S.
and Marengo, J. A. (2022). “Recent hydrological droughts in
Brazil and their impact on hydropower generation.” Water, Vol.
14, No. 4, 601.

Fornell, C. and Larcker, D. F. (1981). “Evaluating structural equation
models with unobservable variables and measurement error.”
Journal of Marketing Research, Vol. 18, No. 1, pp. 39-50.

Grady, C. and Dennis, L. (2022). Hydropower’s future is clouded
by droughts, floods and climate change - it’s also essential to the
US electric grid, The Conversation, Available at: https:/theconversation.
com/hydropowers-future-is-clouded-by-droughts-floods-and-cli
mate-change-its-also-essential-to-the-us-electric-grid-182314
(Accessed: September 13, 2022).

Hair, J. F., Sarstedt, M., Pieper, T. M. and Ringle, C. M. (2012).
“The use of partial least squares structural equation modelling in
strategic management research: A review of past practices and
recommendations for future applications.” Long Range Planning,
Vol. 45, No. 5, pp. 320-340.

Keophila, V., Promwungkwa, A. and Ngamsanroaj, K. (2019).
“Effectiveness of cascades reservoir for flood control operation
and electricity production in Nam Ngum river.” Journal of
Physics: Conference Series, Vol. 1175, No. 1, 012276.

Kim, D. W., Yoo, J. Y., Son, H. J. and Kim, T. W. (2021). “The
relationship of drought frequency and duration of time scales.”
Journal of Korea Water Resources Association, KWRA, Vol. 54,
No. 3, pp. 145-156 (in Korean).

Korea Meteorological Administration (KMA) (2020). Korean climate
change assessment report 2020 (an abridged version) (in Korean).

Korea Meteorological Administration (KMA) (2022). Hydrological
weather drought information system, Available at: https://hydro.
kma.go.kr/front/intro.do (Accessed: Jan 2, 2023).

Korea Power Exchange (KPX) (2022). Electric power statistics
information system (ePSIS), Available at: https:/epsis.kpx.or.kr/
epsisnew/ (Accessed: Jan 2, 2023).

K-water (2022). Public data open portal, Available at: https://
opendata.kwater.or.kr/main.do (Accessed: Jan 2, 2023).



o
B3
of
rE
oX

SmartPLS (2022). SmartPLS3, Available at: https://www.smartpls.
com/ (Accessed: Jan 2, 2023).

Statistics Korea (2022). Korean statistical information service
(KOSIS), Available at: https://kosis.kr/index/index.do (Accessed:
Jan 2, 2023).

Van Vliet, M. T., Sheffield, J., Wiberg, D. and Wood, E. F. (2016).
“Impacts of recent drought and warm years on water resources
and electricity supply worldwide.” Environmental Research Letters,
Vol. 11, No. 12, 124021.

Yoo, J. Y., Kim, J. G., Han, J. W. and Kim, T. W. (2021). “Impact
assessment between heatwave and drought based on PLS-SEM.”
KSCE Journal of Civil and Environmental Engineering Research,
KSCE, Vol. 41, No. 2, pp. 113-121 (in Korean).

I'?l(
Jo

o

oY
olo

Vol.43 No.1 February 2023

41



