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Abstract: Sub-seasonal to Seasonal (S2S) hydrological prediction is an important technical tool
supporting watershed water resources regulation and flood control in river basins. In this study, a
semi-distributed hydrological modeling system for the Huaihe River Basin was established based
on the SWAT2012 model, and a runoff prediction system was constructed by driving the model
with historical hindcast data from three S2S climate models (CMA-CPSv3, CMME-S2S, and

AH-EDDS) covering 2006 to 2024 (AH-EDDS: 2009 - 2024). On this basis, historical hindcast
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and real-time prediction experiments were conducted to systematically evaluate the accuracy of
hydrological model simulations, climate model prediction skills, and runoff forecast performance.
The results show that the calibrated SWAT model performs well during both the calibration period
(1981-2010) and validation period (2011-2020), with a determination coefficient R> = 0.88 and
Nash-Sutcliffe efficiency NSE = 0.85. Groundwater delay time, SCS curve number multiplier,
shallow groundwater outflow threshold, and main channel Manning's coefficient are identified as
the four most sensitive parameters. The runoff prediction skills driven by S2S models exhibit
pronounced seasonal differences, that is, during the dry season, the effective forecast lead time of
CMA-CPSv3 and CMME-S2S can reach 40 days, whereas during the wet season it is only 1-5
days. In contrast, the AH-EDDS model achieves an effective forecast lead time of 6-10 days in
the wet season. All the three models display common biases in extreme precipitation forecasts,
including low probability of detection (POD), high false alarm ratio (FAR), and systematic
underestimation of precipitation magnitude. Among them, AH-EDDS outperforms the other two
models in terms of precipitation frequency distribution and extreme precipitation POD. The
combination of the tercile probability prediction method for runoff (i.e., dividing runoff into three
categories: low, normal, and high flow) and the extreme event threshold approach can make it
achievable to identify watershed hydrological risks and successfully reproduce flood signals
during the wet seasons of 2008, 2016 and 2020, as well as drought signals during the dry seasons
of 2009, 2011 and 2014. In the real-time prediction experiment for the 2025 wet season, the
drought/flood trend predicted by AH-EDDS show higher consistency with the reference
simulation. The S2S runoff prediction system developed in this study provides a methodological
foundation for S2S-scale runoff prediction in the Huaihe River Basin.

Key words: sub-seasonal to seasonal prediction, SWAT model, Huaihe River Basin, runoff
prediction, forecasting skill
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Table 2 Setting of key parameters for runoff prediction experiments
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Fig.1 Comparison of observed and S2S model-simulated precipitation frequencies at different

25~-50 =50

precipitation intensity levels during (a) the wet season and (b) the dry season
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K2 (a) FKEE (b KIS S2S 53 40 d Bk B /K & T A E~F 1 43 28385 B 7R 3
R BB A
(1) CPSv3, (2) CMME, (3) EDDS
Fig.2 Spatial distribution of site-wise Pearson correlation coefficients for the 40 d accumulated
precipitation prediction anomaly percentages by S2S models during (a) the wet season and (b) the
dry season
(1) CPSV3, (2) CMME, (3) EDDS
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Fig.3 Box plots of 40 d runoff predictions with different initial dates driven by S2S models during
(a) the wet season and (b) the dry season
(1) CPSv3, (2) CMME, (3) EDDS
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Fig. 4 Tercile probability predictions of 40 d runoff driven by different S2S models during (a) the
wet season and (b) the dry season
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Fig.5 Variation of anomaly correlation coefficient (ACC) of 40 d runoff prediction.driven by S2S
models with lead time during (a) the wet season and (b) the dry season
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Fig.6 Prediction of 40 d runoff anomaly percentages with different initial dates driven by S2S
models during the 2025 wet season
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Fig. 7 Spatial distribution of (a-c) 40 d runoff anomaly percentages at outlet river sections driven
by S2S models and (d) observations during the 2025 wet season
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