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Abstract With the growing adoption of renewable energy sources, it has become increasingly
important to address the risks of solar and wind energy droughts. This study examines the spa-
tiotemporal characteristics of solar and wind energy resources across six administrative districts
in Korea, using 63 years of hourly reanalysis data at a 25 km resolution. The results show that
solar energy resources, despite having lower overall availability compared to offshore wind
energy resources, experience fewer energy drought days and have a more uniform distribution
across inland regions. Conversely, the offshore wind energy resources offer higher availability
but exhibit greater regional diversity and more frequent energy drought events. While both
resources show small interannual variability, they exhibit significant seasonal fluctuations, with
availability varying by a factor of two to three depending on the season and region. Notably,
solar and offshore wind energies complement each other seasonally, contributing to enhanced
daily availability in summer and improved intra-day stability in winter. This complementarity
reduces the frequency of energy droughts in hybrid energy systems that combine both resources.
This result highlights the potential benefits of solar-wind hybrid power plants—integrating dis-
tributed solar systems with offshore wind farms—to improve both resource availability and sup-
ply stability.
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Fig. 1. (a) Definitions of six administrative districts of Korea used in this study (GG: GyeongGi, CC: ChungCheong, JL:
JeolLa, GW: GangWon, GS: GyeongSang, JJ: JeJu). Hatched regions indicate offshore areas. Climatology of (b) surface
downward shortwave radiation (SW) [W m™] and (c) wind speed at 100 m (WS100) [m s™']. Climatology is defined by the

average of hourly values over the period 1961~2023.
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Fig. 2. Climatology of (a) CF,,, and (b) CF;,q over the period 1961~2023.
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Fig. 3. Climatological (a) diurnal and (b) seasonal cycles of CF,,, across each administrative district. (c and d) Same as (a and
b) but for CFyingofshore- The seasonal cycle is defined by the 15-day moving average of the daily climatology over the period
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Fig. 4. Year-to-year variability of (a) CFy, and (b) CFyingofnore across each administrative district. Black dashed lines in (a)
indicate the least-squares fits of the area-averaged inland CF,,, except for JeJu, for the periods 1961~1990 and 1990~2023.
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drought days are defined as days when both daily CF,,, and CF g ofishore are less than or equal to 0.05. Units are [days year_l].
Note that the y-axis ranges are different.
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Fig. 9. (a) Monthly-mean Cg,, of the hybrid power plant across six administrative districts. The hybrid power plant consists of

50% solar and 50% wind power capacities. (b) Annual-mean Cg,, as a function of the wind power ratio in the hybrid power
plant. All variables are based on the daily Cyp, over the period 1961~2023.
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Fig. 10. (a) Climatology of hourly (red) CFoar, (blue) CFyindoftshores and (black) CFhyprig for January at GyeongGi. CFhybriq is
computed with 50% solar and 50% wind power capacities. Red and blue shaded areas indicate the added and reduced CFs of
the hybrid power plant compared to the solar-only power plant. Climatology is defined by the average of hourly CFs over the
period 1961~2023. (b) Same as (a) but for June.
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Fig. 11. (a) Climatology of daily (red) CFqr, (blue) CFingofshore and (black) CFpypiq at GyeongGi. CFhyprig is computed with
50% solar and 50% wind power capacities. Red and blue shaded areas indicate the added and reduced CFs of the hybrid power
plant compared to the solar-only power plant. Climatology is defined by the average of daily CFs over the period 1961~2023.
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Fig. 12. Differences in renewable energy drought days between the hybrid power plant and the solar-only power plant as a
function of calendar month at (a) GyeongGi, (b) ChungCheong, (c) JeolLa, (d) GyeongSang, (¢) GangWon, and (f) JelJu.
Energy drought days are calculated at each month over the period 1961~2023. The y-axis on the left and right indicate the solar
and wind power capacity ratios of the hybrid power plant, respectively. Negative values in blue colors indicate that the hybrid
power plant reduces the number of energy drought days compared to the solar-only power plant, and positive values in red
colors indicate the opposite. Black dashed box refers to the hybrid power plant with 65% solar and 35% wind power capacities,
which is the closest value to the target ratio in year 2038 as described in the 11" Basic Electricity Supply and Demand Plan of

the Korean government (solar 63.3% and wind 33.4%).
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