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Fig. 1 River network and hydrological stations in Liuxihe Reservoir Watershed
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Fig. 7 Comparison of typical flood hydrographs with different frequencies
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Tab. 2 Comparison of review results for reservoir characteristic water levels
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Identification of Inflow Flood Characteristics for Long-Term Series and Design Flood
Reassessment of Liuxihe Reservoir
HOU Haikun', XIE Bingqi’, SONG Lixiang”, HU Yuying’
(1. Guangdong Yuedian Liuxihe Power Generation Co.,Ltd., Guangzhou 510960, China; 2. Pearl River Water Resources Research
Institute, Guangzhou 510611, China)

Abstract: Against the backdrop of intensifying global climate change, the evolutionary dynamics of flood characteristics in small- and
medium-sized watersheds have grown increasingly intricate. Accurately identifying these spatiotemporal patterns carries critical
practical implications for the formal review and updating of design flood standards. Taking the Liuxihe Reservoir as the study case, this
paper systematically investigates the evolutionary behaviors of its inflow flood peak discharge and flood volume series from three
complementary dimensions: long-term trend, abrupt change point detection, and multi-timescale periodicity, followed by a quantitative
assessment of how hydrological record extension influences the reassessment outcomes of design flood values. Using a 66-year flood
record (1959 - 2024) of the Liuxihe Reservoir, this study applied the Mann — Kendall test and Sen's slope estimator to identify the
trends and rates of change in the inflow flood peak and volume series. The Pettitt test was then employed to detect change points and
their statistical significance. The Morlet wavelet transform was used to reveal the time-scale periodic characteristics of the flood
series. Finally, based on these identified evolution patterns, the impact of extending the data series on the reassessment of design
floods and characteristic water levels was quantitatively evaluated. The results showed that the annual maximum peak discharge, 24-
hour flood volume, and 3-day flood volume series all exhibited slight decreasing trends, but none were statistically significant. The
Sen's slope estimates were -2. 33 m*/s per year, 0. 001 1x10®% m* per year, and -0. 0007xX10% m* per year, respectively, with 95%
confidence intervals included zero, suggesting considerable uncertainty in the trends. The Pettitt test showed that the p-values were all
above 0. 05, indicating no statistically significant abrupt changes, thus satisfying the hydrological consistency assumption. The Morlet
wavelet analysis revealed two distinct periodic components in the flood variables: a long period of approximately 33 years and a short
period of 5 — 7 years. The peak discharge and 24-hour flood volume were dominated by the long period, while the 3-day flood volume
was governed by the short period. This discrepancy reflects the differential responses of flood events with varying durations to multi-
decadal atmospheric circulation regimes and interannual climate anomalies. Extending the series to 2024 effectively covers multiple
cycles of the dominant periods, thereby improving the reliability of design flood parameter estimation. The reassessed design flood
peak discharge and flood volumes were generally comparable to the 1999 results but slightly lower, which is expected because no larger
flood events occurred in the extended period, and the reduction in frequency estimates follows statistical principles. Flood routing
showed that the 100-year and 1 000-year maximum water levels were 237. 24 m and 238. 42 m, both below the original design values,
thus meeting the regulatory requirements. The annual maximum flood series of Liuxihe Reservoir exhibits overall statistical stationarity,
with well-defined multi-timescale periodic oscillations and no statistically significant monotonic long-term trend. These empirical
findings deviate substantially from the widely documented rising tendencies of extreme flood events in small- and medium-sized
watersheds under ongoing climate change, which underscores the regional specificity of flood regime evolution in this catchment.
Follow-up investigations based on extended observational datasets and cross-watershed comparative analyses are warranted to fully
disentangle the intricate hydrological response mechanisms behind such atypical flood behaviors. The outcomes of this study provide a
robust scientific reference for design flood reassessment and reservoir operational management under the non-stationary background of
a changing climate.

Keywords: trend analysis; abrupt change analysis; periodicity analysis; design flood review; Liuxihe Reservoir
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