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Supplementary Fig. 1. Comparison of seasonal PCs and daily projection indices. Comparison of the original seasonal principal components (PCs, black) and the JJA means of the corresponding daily projection indices (red) for (a) PC1 and (b) PC2 during 1991–2025. Values in the upper-right corners indicate the temporal correlation coefficients between the two time series.
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Supplementary Fig. 2. Third EOF mode and zonal-wavenumber spectra. (a) EOF3 pattern of JJA seasonal-mean 250-hPa meridional wind anomalies averaged over 20°–60°N during 1940–2025 (units: m s⁻¹) and (b) the corresponding normalized PC3 time series. (c–e) Zonal-wavenumber power spectra of EOF1, EOF2, and EOF3, respectively. The value in the upper-right corner of (a) indicates the variance explained by EOF3, while those in (c–e) indicate the fractional contribution of the dominant zonal wavenumber to the total spectral power.
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Supplementary Fig. 3. E-folding timescales and QSRW event durations. (a) Lag autocorrelations of the daily projection indices for EOF1 and EOF2. Shading denotes the 95% confidence intervals obtained from 10,000 bootstrap resamples across years, and the corresponding e-folding decorrelation times are given in the legend. The horizontal dashed line marks 1/e. (b) Distributions of QSRW event durations for EOF1 and EOF2. Boxes indicate the interquartile range and median, and black dots with error bars indicate the mean and its 95% bootstrap confidence interval based on 10,000 resamples. Labels above each distribution give the number of detected events and their mean duration.
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Supplementary Fig. 4. High-amplitude individual QSRW events. Peak-centered Hovmöller diagrams for the three highest-amplitude QSRW events associated with EOF1 (left column) and EOF2 (right column). Shading shows the sign-adjusted 250-hPa meridional wind anomalies of each individual event averaged over 20°–60°N, while black contours show the corresponding EOF-specific composite anomalies (units: m s⁻¹).
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