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Abstract In the late summer of 2025, the reservoirs in Gangneung fell to their lowest levels
on record. The hydrologic drought was such severe that the natural disaster declaration was
issued on 30 August 2025. Yet how much rain a drought needs to recover or whether that recov-
ery can be predicted remains poorly understood. To advance our limited understanding, here we
analyze the self-calibrating effective drought index (scEDI) with storage records from eight res-
ervoirs and Korea Meteorological Administration subseasonal-to-seasonal (S2S) forecasts.
Results demonstrate that the scEDI value falls to —2.29 on 30 August 2025 (the third most
severe drought since 1990) and is above +0.5 (the recovery threshold) on 14 October 2025.
Over the next 45 days, cumulative rainfall reached 584.7 mm, about twice the long-term aver-
age for this period. A historical-analog experiment shows that only 10% of past precipitation
scenarios generate the drought recovery on time. The S2S forecasts show no recovery signal
across lead times. This absence largely reflects a systematic underestimation of precipitation
including the heavy rainfall that drove the recovery. The largest reservoir, which supplies over
80% of domestic water in Gangneung, recovered the most slowly owing to its size and contin-
ued water withdrawal, indicating the region's vulnerability for drought mitigation. This study
highlights that securing reliable S2S predictions for the timing of rainy days is vital for effective
drought contingency planning. Furthermore, it underscores the need to diversify water sources

of Gangneung in a changing climate.
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(a) Gangneung reservoirs & ASOS station
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Fig. 1. Distribution of the eight agricultural reservoirs in Gangneung and the relative position of Obong Reservoir within the
national reservoir population. (a) Gangneung boundary with a 90 m digital elevation model (DEM), the eight reservoirs (SWOT
PLD polygons), and the Gangneung ASOS station (station 105). (b-e) Position of Obong Reservoir (red lines) within the
national Korea Rural Community Corporation (KRC) reservoir population for full-water-level elevation, surface area, total

storage capacity, and watershed area.
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0 (a) Gangneung daily air temperature (1990-2025)
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(c) Gangneung self-calibrating effective drought index (scEDI)
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Fig. 2. Daily time series at the Gangneung ASOS station, 1990~2025. (a) Maximum (red), mean (black), and minimum (blue)
air temperature. (b) Daily precipitation. (c) Self-calibrating effective drought index (scEDI) shaded blue above +0.5 and red
below —0.5. (d) Enlargement of the 2025 scEDI; the 2025 drought minimum (—2.29 on 30 August) and the recovery date (+0.52
on 14 October) are indicated, and the gray box in (c) marks the corresponding period.

(a) Cumulative recovery-period precipitation by year (b) 2025 within the 1912-2024 distribution

Mean 276.2 mm i Bl Other years (n=111)
Median 257.1 mm 14 - = 2025 = 584.7 mm
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Fig. 3. Cumulative precipitation during the recovery period (31 August~14 October, 45 days) in Gangneung. (a) Recovery-
period total for each year, 1912~2025; dashed and dotted lines denote the 1912~2024 mean (276 mm) and median (257 mm),
and the red bar denotes 2025 (584.7 mm). (b) Position of 2025 (red line) within the 1912~2024 distribution (n = 111). The years
1950 and 1951 are excluded for missing observations.
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(a) 2025 Gangneung scEDI — observed and historical-analog scenarios by recovery class
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Fig. 4. Historical-analog recovery analysis of the 2025 Gangneung drought. (a) Observed 2025 scEDI (black) and the historical-
analog scenarios, each obtained by replacing the 31 August~31 December precipitation with that of a past year (1912~2024);
the scenarios are colored by recovery class, recovery before 14 October (dark blue, n = 12), 15 October~31 December (medium
blue, n = 7), and no recovery (gray, n = 92). The dashed horizontal lines mark the +0.5 and —0.5 thresholds, and the 30 August
minimum, the 13 September storm (103.7 mm), and the 14 October recovery date are indicated. (b) For each scenario, the
maximum scEDI after 31 August against the cumulative precipitation over 31 August~31 December, with marker shape
denoting the recovery class (as in panel a) and color denoting the analog year; the horizontal dashed line marks the +0.5
recovery threshold and the vertical dashed line marks the minimum cumulative precipitation among the recovering scenarios
(551 mm, from the 2006 analog). Exceeding this amount did not guarantee recovery.
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Fig. 5. Precipitation timing that determine drought recovery, derived from the 111 historical-analog scenarios (fast: recovery
before 14 October, n = 12; late: 15 October~31 December, n = 7; none: no recovery, n = 92). (a) Cumulative precipitation from
31 August by recovery class, shown as the group median with the interquartile range shaded; the vertical dotted line marks the
observed recovery date (14 October). (b) Box plots of cumulative precipitation by recovery class for three sub-periods of the
recovery window, early September (1~15 September), late September (16~30 September), and early October (1~14 October).
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Fig. 6. KMA S2S forecasts of drought recovery by issue date. (a) Seven-member ensemble-mean scEDI by issue date and lead
time; the red dashed line marks the observed recovery date (14 October 2025). (b) 60-day ensemble-mean scEDI for each issue
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