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ABSTRACT

The study predicts the future photovoltaic power generation potential (PVpot) changes over South Korea based on
high-resolution climate change scenarios. According to the four Shared Socioeconomic Pathways (SSP) scenarios (SSP1-2.6,
SSP2-4.5, SSP3-7.0, SSP5-8.5), at the late 21st century, surface down-welling shortwave radiation, which has a major impact
on PVpot, is expected to increase (by about +0.7 ~ +3.5 W/m?) compared to the present-day. However, the increase or
decrease of PVpot depends on the level of emissions in the future. In the low-emissions scenario, PVpot is expected to
increase (by about +1.3%), while that in the high-emissions scenarios, PVpot isare expected to decrease (by about -0.7 ~
-2.0%). As the temperature increases significantly, the temperature of the solar cell panels increase, and the performance ratio
of PVpot decreases. This means that, even though the surface down-welling shortwave radiation increases, the increase in
temperature may offset the positive impact on PVpot. Seasonally, PVpot is expected to increase (by about +2.3 ~ +4.0%)
in summer and decrease (by about -3.6 ~ -7.1%) in winter. Overall, this study highlights the importance of considering the
impact of climate change on solar energy. It also emphasizes the need to adopt low-emissions policies to mitigate the negative

effects of climate change on renewable energy generation potential.
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Fig. 1. Distribution of observation stations and DEM elevation (shading) with 1 km resolution over South Korea.
Blue triangles and black circles indicate ASOS and AWS (or RDA), respectively.
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Fig. 2. Monthly mean temperature (TA), surface wind speed (WS), and surface down-welling shortwave

radiation (RSDS) over South Korea for the present-day.

Table 1. Cross-validation (Jack-knife) results of observed and estimated values for mean temperature (TA),

surface wind speed (WS), and surface down-welling shortwave radiation (RSDS).

TA (°C) WS (m/s) RSDS (W/m?)
(2000 ~ 2019) (2000 ~ 2019) (2014 ~ 2019)

Bias RMSE Bias RMSE Bias RMSE

JAN. 0.04 0.97 0.02 1.23 0.35 4.05

FEB. 0.04 0.87 0.01 1.12 0.23 4.86

MAR. 0.04 0.80 0.01 1.12 0.23 6.02

ARP. 0.03 0.81 0.01 1.06 0.23 7.06

MAY. 0.01 0.86 0.01 0.97 0.23 6.37

JUN. 0.01 0.81 0.01 0.84 0.12 5.90

JUL. 0.02 0.79 0.00 0.95 0.23 5.90

AUG. 0.03 0.76 0.01 0.92 0.12 6.94

SEP. 0.03 0.78 0.01 0.92 0.23 5.32

OCT. 0.03 0.92 0.01 0.97 0.12 4.86

NOV. 0.04 0.95 0.01 1.11 0.23 451

DEC. 0.04 0.96 0.01 1.21 0.23 4.40

AVE. 0.03 0.86 0.01 1.04 0.21 5.52
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Table 2. Future changes in the PVpot(%) at the late 21st century (2070~2099) compared to the present-day

(2014~2018).
Region Scenario ANN MAM JJA SON DIJF

SSP1-2.6 +0.7 (x£0.7) +1.6 (£1.6) +0.6 (£2.3) +0.8 (£2.4) -3.9 (£2.9)

cp SSP2-4.5 0.7 (£1.4) .11 (£2.2) -0.6 (£3.5) 1.6 (£2.4) -4.9 (£3.9)
SSP3-7.0 -2.8 (£2.1) -4.4 (£4.4) 0.0 (+2.9) 2.4 (£3.3) -8.7 (£5.8)

SSP5-8.5 -1.4 (£2.8) 2.7 (+4.4) +1.8 (+2.9) -1.6 (£3.3) -8.7 (+4.9)

SSP1-2.6 +0.7 (£1.3) +1.0 (£1.5) +0.6 (£2.8) +1.6 (£3.3) -4.6 (£2.8)

Gw SSP2-4.5 0.7 (£1.3) -1.5 (£2.6) 0.0 (+4.0) 0.8 (£2.4) 4.6 (£3.7)
SSP3-7.0 -2.7 (£2.0) -3.6 (£4.1) +1.1 (£3.4) -2.4 (£3.3) -9.2 (+4.6)

SSP5-8.5 -1.3 (£2.7) 2.6 (+4.6) +1.7 (+4.0) 0.8 (+4.1) 9.2 (+4.6)

SSP1-2.6 +1.3 (0.7) +1.5 (£1.0) +2.8 (£2.2) +1.6 (£2.3) -3.6 (£2.7)

o SSP2-4.5 -0.7 (£1.3) -1.5 (£1.0) +1.7 (£3.9) -0.8 (£2.3) -3.6 (+£3.6)
SSP3-7.0 -2.0 (£2.0) -4.1 (£2.6) +1.1 (£3.9) 2.3 (#3.1) -6.3 (£5.4)

SSP5-8.5 -1.3 (£2.6) 3.1 (3.1) +2.8 (£3.9) -1.6 (+3.9) 7.2 (+4.5)

SSP1-2.6 +1.3 (x0.6) +0.5 (£0.5) +3.3 (£3.3) +2.2 (£3.0) -1.8 (£2.7)

L SSP2-4.5 0.0 (£1.3) 2.0 (£1.0) +2.2 (+4.9) 0.0 (£2.2) -1.8 (£3.5)
SSP3-7.0 -1.9 (£1.9) -5.5(£2.5) +2.2 (+4.4) -0.7 (£3.0) -4.4 (£5.3)

SSP5-8.5 -1.3 (£2.5) -4.0 (£3.0) +3.3 (+4.9) -0.7 (£3.7) -5.3 (£5.3)

SSP1-2.6 +2.0 (£1.3) +1.0 (£0.5) +3.4 (£3.4) +3.2 (+4.0) -1.7 (£1.7)

GS SSp2-4.5 +0.7 (£1.3) -1.5 (x1.5) +3.4 (+4.5) +1.6 (£2.4) -2.6 (£2.6)
SSP3-7.0 -1.3 (£1.3) -4.1 (£2.6) +3.4 (+4.5) 0.0 (£3.2) -5.2(£3.4)

SSP5-8.5 0.0 (£2.6) -3.1(£3.1) +4.5 (£5.1) +0.8 (+4.0) -6.0 (£3.4)

SSP1-2.6 +4.3 (x1.4) +3.4 (x1.1) +3.5 (£2.4) +5.8 (+4.2) +3.4 (£2.3)

1 SSP2-4.5 +2.9 (£2.2) +1.1 (£1.7) +4.1 (£4.1) +4.2 (£3.3) +2.3 (£3.4)
SSP3-7.0 +1.4 (£2.2) -2.3 (£2.3) +4.1 (+4.1) +3.3 (£3.3) +2.3 (£5.7)

SSP5-8.5 +2.2 (£2.9) -1.1 (£2.3) +4.7 (£5.3) +4.2 (£4.2) +1.1 (£6.9)

SSP1-2.6 +1.3 (0.7) +1.0 (£1.0) +2.8 (£2.8) +2.4 (£3.2) -3.6 (£1.8)

KOR SSP2-4.5 0.0 (£1.3) -1.5 (£1.5) +2.3 (£4.0) 0.0 (+2.4) 3.6 (£2.7)
SSP3-7.0 -2.0 (£2.0) -4.6 (£3.1) +2.3 (+4.0) -0.8 (£3.2) -7.1 (#4.5)

SSP5-8.5 -0.7 (£2.6) -3.6 (£3.6) +4.0 (+4.5) 0.0 (£3.2) -7.1 (+4.5)
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